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A. WHAT IS HYDROGRA PHY? 


Hydrography has been defined in a variety of wavs 
and no concise, agreed upon definition has yet been estal- 
lished. Bowditch [Ref. 1, p. 848] defines hydrography as 
that science which deals with the measurement and descrip- 
tion of the physical features of the oceans, seas, lakes, 
rivers, and other waters, and their adjoining coastal areas, 
With particular reference to their use for navigational 
purposes. A definition which relates more appropriately to 
this thesis is that hkydrography is the science of measuring 
and depicting those farameters that are necessary to 
describe the precise nature and configuration of the seabed, 
its geographical relationship to the landmass, and the char- 
acteristics and dynamics of the sea. The above parameters 
include EFathymetry, geology, geophysics, tides, currents, 
waves, and other physical properties of the seawater. 
fRef. 2, p.- 67] Regardless of which definition one chooses 
to use, the basic concept of a hydrographic survey is the 
Same. Depth measurements are made whose Lorizontal posi- 
tions have been accurately determined anc with sufficient 
density so that the ceneral bottom topography of the survey 
area can be inferred. 

Coastal hydrcgraphy relates to water areas that in 
general are less than 30 meters in depth. Offshore hydro- 
graphy can be regarded as having a limiting depth of approx- 
imately 100 meters and bevond this depth the term oceanic 
hydrography is used where oceanic implies the deep ocean 


realm. 
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2. Eurpose 


fier nero leereason form performing a hydrograrhic 
survey is to obtain information about bottom topography and 
adjoining coastal areas which will serve as the source for 
mautical charts, Coast Pilots, and other publications of 
importance to the mariner. Hydrographic survey data are 
also used in the study of marine resources and the marine 


environnent. 


B. BASIC OBJECTIVE OF RESEARCH 


The purpose of this thesis is to establish guideiines 
to be used in the form of advice or other assistance by 
various agencies of the U.S. Government. This assistance 
would be offered to aid nations with limited or no present 
Madr Ograrphic Capability in setting up a national hydro- 
graphic agency whenever such assistance is requested. 
Various cther presentations have discussed either several 
aspects and guidelines in generalized form or just a few 
criteria in specific detail. At the present time, there 
appears to be no one source of information from which U.S. 
experts are able to extract all that is require. 

The person or persons working on hydrographic agency 
establishment should have at least one of the following 
references on hand (preferably all of them) since these 
references deal with vital issues and specifications 
relating to the science of surveying and charting. fThese 
are the National Ocean Survey Hydrographic Manual (4th Ed.), 
Pauercal Chart Manual {6th © 7th Ed.), Admiralty Manual of 
Hydrographic Surveying (Volumes I & II), and General 
tiem dGtiens Lor Hydrographic Surveyors {[Refs. 3, 4%, 5, 6, 
and 7]. 
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C. NEED FOR UP=TO-DAIE NAUTICAL SCRA 


Since the 1960s, there has been a dramatic increase in 
the demand for precise and accurate! surveys throughout the 
world. The majority of the nautical charts in use today are 
based on surveys conducted years ago, many dating back well 
over a century. Most of these surveys were done by coionial 
powers where the needs were clearly based on the priorities 
and reguirements of the nation conducting the survey. Today 
the situation is dramatically different. A large number of 
countries achieved independence after 1960. One of the 
conseguences of this freedom has been a withdrawal of much 
of the hydrographic support formerly performed by the major 
charting nations. Lack of support has led to the need c£& 
many of the developing nations, both with and without any 
hydrographic capability, to achieve their own self- 
sufficiency as many have been late developers in providing 
raw materials and other goods for export. Thus, the predon- 
inant needs are now ktased on local priorities and reauire- 
ments which are daily increasing in number and scope. This 
set of circumstances is further aggravated by the fact that 
individual sovereign nations are now mainly responsikle for 
surveying their own waters, especially since many nations 
Which in the past did some international work now have 
greater domestic requirements than ever before, with little 
time or monetary resources to aid those most in need at the 


present time. 


lAccuracy indicates how well a single measurement or the 
average of a set of measurements ECS with an adopted stan- 
dard. Precision describes how well a sirgle neasurement 
agrees with another similar single measurement. 
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D. ASSUMPTIONS MADE IN ESTABLISHING GUIDELINES 


The rost important question to consider when studying 
the case of agency establishment anywhere is: Wnat are the 
hydrographic requirements in this Situation and what oraqani- 
Zational approach would best satisfy these requirements? [It 
is possiftle that estaklishment of a separate hydrographic 
service might not always be the best solution after close 
examination of the particulars is completed.? For the 
purposes of streamlining this thesis, a number of assunf- 
tions have been made. It is possible that one or several of 
these assumptions may not apply in the case of a particular 
nation. In that case, it will become necessary to take 
additional factors into account when developing any 
U.S.-sfensored report on recommendations and aid in regard 
to national hydrographic agency formation. The assumptions 


Made are as follows: 


i. A natural approach is to make the hydrographic ser- 
vice fall under national governmental jurisdiction, 
rather than a private body, due to sovereignty 
considerations of offshore territory and resources. 
Therefore, all future considerations pertaining to 
hydrographic agency establishment brought forward in 
this presentation will be based on this fundamental 
assumption. This assumption is critical because 
published charts and related publications must have 
appropriate legal authority. 

1i. The nation presently has staff on hand knowledgeable 
in the various aspects of establishing horizontal 


geodetic control. Specifically, experience in the 


eIt serves no purpose to build up an elaborate and 
costly organization if it were underutilized in the long 
term, an example being a nation with limited shoreline and 
few ports. Different alternatives will be looked at later 
ie eis 1enes1S\. 
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establishment of geodetic control points needed in 
the field for offshore positioning is required and 
is presumed tec exist. This experience is assumed 
kecause most nations already have a land-surveying 
department in operation. Even the lesser-developed 
nations tend to have expertise in this area, nostly 
due to influences of the mother country and needs in 
the past where locals were trained in land surveying 
procedures and methods. Other assumptions in this 
regard include availability of necessary equipment 
for measuring angles and distances, personnel capa- 
tle of perforgfing field measurements under any 
conditions and in remote areas, and computer sufport 
capability needed in the reduction of raw data to an 
appropriate geodetic datum and geographic position 
suitable for charting fpurposes. 

All personnel acting in the capacity of surveyor 
have a good working knowledge of the sources of 
errors when uSing equipment to measure angles and 
distances. In addition, they have a familiarity 
with the appropriate methods to use to minimize the 
effects errors have on the measurements obtained 
during the survey. 

Topographic gapping capabilities exist and are 
well-established in the nation. Cartographic skills 
are available covering the full range of exvertise 
required for the production of nautical charts. 

The nation presently has the printing capacity 
needed to produce final versions of updated nautical 
charts. Any facilities already present which are 
now used to print topographic maps can easily be 
expanded to include space required for printing 
nautical chat eeprodvers- 

Adequate numbers of naval personnel are available 


from which the newly-created hydrographic agency 
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will be able to draw, such that the basic require- 
ment of prior sea experience by some members of the 
hydrographic service will be satisfied. Sea 
experience is a critical factor: Survey planners 
require knowledge and experience in vessel apprc- 
Pmeraron gut ilization and logiStics support; anda 
Survey party requires skills in all aspects of 
vessel operation and maintenance--these have a 
direct relationship to quality surveying efficiency 
and performance. 

The hydrograrhic establishment will have the power 
to actively recruit personnel from the existing 
infrastructure. Geodesists, cartographers, and 
naval officers, all assumed to be presently avail- 
able, can be eaSily transferred to the hydrograrhic 


department as the need dictates. 
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II. NATURE OP THE TASK 


A. REQUIREMENTS JUSTIFYING AGENCY FORMATION 


The specific requirements which have necessitated the 
need for more accurate surveys are many. The priority 
ranking of any of these over the others will be a function 
of specific factors in a particular nation. At the present 
time, charts are published periodically which cater to a 
particular user or class of users. A typical National Ocean 
Service (NOS) classification of charts [Ref. 8] is given 
below: 

Sid Oe cet Oceans 
published with sma 
Ee 


i 
Conventional ee 


O On 


—-These specially designed =charts saa. 
il Ghatt 2htoena tion. 

s--The conventional nautical charts 

e€ of the following scale groups: 

HARBOR CHARTS are published at scales of 1:50,000 and 


larger. They are intended for navigation and 
anchorage in harbors and small watefrwavs. 


COAST CHARTS are published at scales as from 
13;50,000 to 1: 180,090. They are intended for coasee 
wise navigation inside the offshore reers and shoals, 
entering bays and harbors of considerable size, and 
navigating certain inland waterways. 


GENERAL CHARTS are published at scales from 1:150,0900 
to 1:600,000. They are for use when a vessel's course 
is well offshore, but when its position can be fixed 
by landmarks, lights, buoys, and characteristic Saag. 
ings. 


SAILING CHARTS are at scales smaller than 1:600,000. 
They are piotting charts used for offshore sailing 
between distant coastal ports and for approaching the 
coast from the cpen ocean. 


Tidal Current Charts--These charts present a comprehen- 
S1vé view or the tidal current movement in the respec- 
tive waterways as a whole and also Soe a means _ for 
ra eee determining for any time the direction and 
veiccity of the current at various localities | 
throughout the water areas covered, when used with 


accompanying Tidal Current Diagrams. 
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(Pesobemiavigdt ich and Trade 


The nautical chart is absolutely essential as a 

medium cf information and as a tool for all maritime 
Pedtt cles lt MUste Contain ail the information required for 
position fixing and route finding, for the avoidance of 
dangers, and the safety and ease of navigation. Schmidt 
[Ref. 9, p. 76] defines the different navigation subdivi- 
Sions as follows: 

Overseas navigation comprises ocean, marginal sea, and 

inland sea crossings. 

Coasting refers to navigation in coastal areas,. 

entailing navigation from headland to headland in sight 

sro land, or ot ee et Otkon wai slgie Or f2and to fix 

the ship's position by Land features. 

Approach is defined as steering for the coast. 

Entrance is steering into a channel or harbor. 


Channel navigation is the way through narrow channels or 
candals. 


sobual*precess of Eereaing end anbezchsages 87? “PS 
Maritime trade relies on safe navigation. MTeday 

shipping still accounts for the largest percentage by far as 
a means cf transporting goods and materials between nations. 
International trade is growing more every day as exyfloita- 
tion of resources worldwide continues to accelerate. Since 
the early 1960's vessel drafts have significantly increased, 
a direct result of both increased oil tanker traffic and 
larger vessels for transport in general which tends to 
reduce overall shipping costs and increase profitability. 
Many past surveys did not take soundings any deeper than 
drafts prevalent at the time the surveys were performed. As 
a result many past surveys, and the corresponding present 
day nautical charts, are grossly inadequate. In some cases 
these charts represent a hazard to navigation when used by 


today's larger and deeper draft vessels. The potential 


17 


risks involving the loss or damage of expensive cargoes due 
to shoaling or other navigation hazards makes trading along 
certain routes undesirable. The risks related to getting in 
and cut of certain ports and the high costs of insurance 
associated with these new classes of ships result ina limi- 
tation of trade when inadeguate nautical charts are used to 
represent the true nature of the bottom in these areas. 
Additionaliy, many nations now have requirements which call 
for adequate charts (based on varying specifications) tc 
exist before Ships may venture into their ports. At the 


present time adequate charts are rot always attainable. 


2. increasing Local Requirements 


= ee ee eee Ss a ee el ee ee ee ee ee ee 


The United Nations Law of the Sea Conference, 
although still in its negotiating phase, will undoubtedly 
have far-reaching effects upon all nations but places an 
extraordinary burden cn maritime nations. The Law of the 
Sea Conference will define limits of the territorial sea, 
the Exclusive Economic Zone (EFZ) and the continental shelf. 
In general terms, the informal negotiating text cited by 
Kapoor [{ Ref. 10, p. 8] defines various limits of national 
jurisdiction as shown below. 

The Territoriai Sea is an adjacent belt to the land 
territory and internal waters over which tne coastal 
State exercises sovereignty. Every State has the right 
to establish to breadth of its territorial sea up to a 
limit not exceeding 12 nautical niles, measured from the 
appropriate base lines. 

The Exclusive Economic Zone is where the coastal 
State has sovereign rights for the purpose of exploring 
and exploiting, conserving, and managing the natural 
resources, whether living or non-living, of the seabed 


and suksoil and superjacent waters. 
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The Continentai Shelf comprises the seated and 
Sukbscil of the submarine areas that extend beyond a 
distance of 200 miles throughout the natural prolonga- 
tion of the land territory to the outer edge of the 
Gontinental margin. 

An important aspect in the establishment of national 
boundaries from a legal standpoint is the delineation cf 
both the mean low waterline and mean lower low waterline in 
datum determination. The different datums reflect one of 
the many problems of non-standardization which will Le 
discussed later in reference to International Hydrograrfhic 
Organization (IHO) objectives. The importance of a tidal 
datum is paramount since in most cases it is the basis in 
defining the legal boundary separating local, national, and 
miternational jurisdiction. 

TE the 200-mile EEZ were to become international law 
there would be an immediate and dramatic increase in the 
need for accurate surveys. The Law of the Sea Conference 
will make it mandatory for each nation to accurately define 
its 200-rile zone linit and produce charts which show the 
inees Of National jurisdiction at a scale or scales with a 
resolution? adequate for accurate determination. The magni- 
tude of this problem in carrying out detailed surveys has 
been tabulated in the U.N. Report of the Group of Exrferts 
[Ref. 2], from which selected excerpts have been taken for 
illustrative purposes (Table I). 

To realize the full benefits of the EEZ, each nation 
must first obtain accurate surveys and provide charts which 
will be prerequisite to any exploration. One needs to know 
the character and slore of the bottom if exploration is to 
proceed in a cost-effective manner. It will only be later 


that possible exploitation of the EEZ in these coastal areas 


; 3Resolution is defined as the smallest unit to which an 
item can be measured. 
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TABLE [I 
Theoretical 200-mile EEZ Areas 


! _{all areas in thousand km2) 
(consider figures as order of magnitude values only) 
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refers also to territories or areas. 
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Sameeoe 2£Uldy £ealized. Exploitation cannot proceed without 
exploration and its prerequisite of accurate charts to 
determine where such exploration is most apt to yield posi- 
tive and fruitful results. The nautical chart and conseg- 
uently the hydrographer plays a major role in all phases of 
resource exploitation. These include detailed surveys of 
the seabed configuration used in the location and placement 
of drilling platforms and wellheads, for the laying of fipe- 
lines and cables, and the precise location of lines of 
demarcation for bidding on tracts related to oil and gas 
exploration or mining concessions. The EEZ or any coastal 
waters also include biological resources, such as fishing 
grounds, which are becoming more important as nations look 
to the sea for increasing supplies and new sources of food 


for burgeoning populations. 


Peeilltary Considerations 


a Se oe Se SS ee Se SS SS 


Military factors alwavs need to be considered when 
dealing with coastal zone management. Precise nautical 
charts are necessary for both the individual nation and its 
allies so that movement of naval vessels is not impeded in 
any way, applying equally to surface and subsurface ships. 
With the complexity cf today's international scene this 
requirement has taken on new Significance and as the 
Exclusive Economic Zcne and subsequent exploitation eventu- 
ally becomes a reality, this will only increase the impcr- 
tance from a military standpoint. It will be tantamount for 
all naticns to protect national interests in additicn to 
personnel and equipment involved in exploitation activities 
offshore; this point cannot be overstated especially when 
one considers the enormous sacrifices that any sovereign 
state will need to make in diverting large sums of capital 
in providing the ways and the means to achieve hydrografhic 


capability and future resource utilization. 
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An additional item of significance relates to the 
mandatory function CE any Nauticaimchai. tomaceUramc 
delimit all military zones. General shipping must be fully 
aware of exactly what routes are available for coastal navi- 
gation to insure that they do not venture into restricted 


military waters. 


4. Recreational Aerivatmes 


Recreational Eoating has forced an additional demand 
on the requirements cf nautical charts, one that has been 
growing substantially in recent years. Clear portrayal of 
hydrographic features at large scales is becoming increas- 
ingly expensive, labor intensive and time consuming. Many 
ports worldwide are finding that an increasing percentage of 
nautical chart users fall into the category of the recrea- 
tional kLoater or cruise vessel operator. Such an increase 
is a direct result of improved economic conditions world- 
wide, with the result that the regquirements of local needs 
have superseded the more developed nation's needs regarding 
safe navigation in local waters of these developing nations. 
Cruise ships, with tke obvious benefit to a developing 
country of placing one or more of its ports as a port-of- 
call, are also increasing their role as many routes are 
looking to expand, opening up more areas to tourists on an 
international scale. Before a captain will add a new port- 
of-call to a cruise itinerary, the captain must be assured 
that approaches to the port and pier facilities are 


adequately and accurately charted. 


Be. CHART UPDATE REQUIREMENTS 


There are innumerable reasons why the need for accurate 
hauticai charts is so paramount. Some of these have been 


alluded to previously ina basic sense. The predominant 
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factors to consider include deeper draft vessels and condi- 
tion of previous surveyS which incorporated methods and 
procedures inappropriate and substandard given today's accu- 
racy and precision requirements. Others involve the misuse 
of equipment, superficial quality control, and technicians 
making erroneous or inappropriate decisions due to the lack 
of in-derth hydrographic knowledge and expertise. In scme 
cases, inappropriate decisions have led to enormous expendi- 
mames Of additional capital, labor, and time which could 
have been avoided if a professional hydrographic viewpoint 


were considered. 
1. Deeper Draft Vessels 


The extent of hydrographic surveying in a port is 
typicaliy a function of the relationship between the largest 
and deepest draft vessels utilizing the port, the associated 
depths cf channels and harbor approaches, and the degree of 
Peabldity Of the bottcm (Fig. 2.1) [ Ref. 11, p. 5}. 

Ship captains very often utilize every inch they 
believe to be available for under keel clearance. 
Subseguently, this narrow margin demands a very high stan- 
dard of accuracy. Time is money. Thus at times the captain 
will push the ship to the limit rather than waiting for a 
high tide to enter a fort. 

In areas where no changes in the bottom topographv 
are known to occur, or where changes are systematic and 
predictable, pilotage within channels and subsequent 
berthing alongside a fier pose few problems--this is 
especially true where the port in question is utilized 
predominantly by local mariners and by piloted vessels. 
Unfortunately, there are many situations that alter the 
bottom tcpography creating shifting shoal areas and unstable 
channel conditions, often occurring to do changes in a river 


estuary, meteorological conditions, or the addition or 
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alteration cf structures. Such factors work either in 
conjunction with one another or independently and have the 
net effect of changing sediment load capacities in the 
estuary, determining directional movement and speed of 
migrating sand waves, and altering longshore sand transport. 
Surveys need to be performed on a periodic basis to accu- 
rately portray such changes when these situations occur. 
Catastrophic results could occur with the grounding 
of an oil tanker or hazardous chemical cargo vessel with the 
likelihood of severe damage to local beaches, fish fopula- 
tions, and related ecological factors. Damage could 
adversely affect the area for years after cosmetic cleanup 
has been concluded. Costs related to cleanup of a spill cf 
even moderate magnitude can be millions of dollars. The 
Situation becomes even more acute when one considers the 
amount of maritime traffic transporting similar cargoes 
passing in and out of major ports with an occurrence 
approaching one every few minutes on a continual basis. The 
possibility of bearing cleanup costs could dwarf the costs 
involved in maintaining updated charts on a periodic basis. 
Being aware of tidal fluctuations makes it easier to 
Maintain proper port management so larger vessels will be 
able to utilize this information and decrease potential 
downtime in docking cffshore. Automatic recording tide 
gages, direct-reading current meters, and appropriate 
devices for recording parameters of temperature, salinity, 
and suspended silt will allow for more effective work in the 


measurement of tidal movement and water composition. 


Z2- Condition of Prior Surveys 


More than one half of the nautical charts in use 
today are at least partially based on obsolete surveys; scme 
areas have not been resurveyed since the eighteenth century. 
Surveys performed as recently as the 1930S contain many of 


the same basic flaws as those done 200 years earlier. 


De 


a. Accuracies in Position and Depth 


There are a variety of reasons for which to 
doubt the accuracy and precision of much of the information 
presently being portrayed on nautical charts. It is 
possible to have cases of preciSion without accuracy or 
accuracy without precision, neither of which would neces- 
sarily yield the true representation of the actual value. 
It is the Simultanecus occurrence of both factors above 
being demanded in present specifications and standards 
worldwide. If only cne measurement of a quantity is avail- 
able it is difficult to ascertain whether that measurement 
is either accurate or precise. 

Shoreline mapping, poSitioning, and depth are 
three areas where obsclete survey methods from the past 


might have led to inaccuracies in present day charts. 


1. Shoreline Mapping--Shoreline mapping in the past 
utilized methods considered crude by today's stan- 
dards. It is likely that the position of the 
charted waterline is considerably in error if modern 


photogrammetric methods have not been employed. 


11. Positioning--Fast methods and procedures frequently 
provided questionable positions. Electronic posi- 
tioning system accuracies, guestionable regarding 
present manufacturer's claims, were undoubtedly of 
vastly lower quality in the paSt. Errors in pos. 
tion of 0.3 tiles on a chart used for merchant 
Marine navigation across the open ocean might be 
perfectly acceptable, but for nearshore piloting 
and navigaticn, this magnitude of poSitioning aces 
racies is totally unacceptable. Loran positioning 
is utilized mcst often in coaStal navigation. fith 
Loran systems, precision is very high but accuracy 


is often very low, meaning a Ship obtaining a fix 
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with Loran may be able to navigate back to the 
exact same location but daily changes may prevent 
even this frem happening. It is unlikely that 
correct values of latitude and longitude could tke 
cbtained for that position, although hyperbolas are 
drawn around a known point so that any discrepancy 
retween geographic positions obtained by Loran 
rates and the true geographic positions can ke keft 
to a minimum. Conversely, accuracy is imperative 
in performing hydrography so that soundings 
obtained are able to be represented by geographic 
coordinates which correlate to exact positions 


PLOLEed Yona nautical chart. 


1ii. Depth--Lead line soundings, on which a vast major- 
ity of the older surveys are based, are in many 
caseS poor in accuracy and have not been super- 
ceded. Slant measurement of depths often have been 
recorded in areas of strong currents or due to 


scunding vessel speed. 
bk. Methods and Procedures 


Another factor relating to the accuracy of data 
deals with proper calibration technigues of various types of 
instrumentation used in determining position and depth 
information. Echo sounders on Smail vessels are usually 
calibrated for shallow water by the bar check method. By 
lowering the bar to premarked known depths the accuracy of 
the echo sounder is determined. Bar check data are also 
used to determine velccity correctors for the appropriate 
speed of sound within the water column to obtain the true 
depth below the echo sounder as a function of time. In 
deeper water, greater than that which the bar check can 


practically be utilized, the water characteristics can vary 


27 


to a large degree. Scme other method must be used in 
conjunction with the Ear check to insure that the correctors 
used are appropriate when sounding in deeper water. 

Velocity in seawater is a function of temperature, salinity, 
and pressure. It is €ssential that measurements throughout 
the water column be made periodically by use of an oceano- 
graphic cast or velocity sensor in order to correctly deter- 
mine the velocity profile. In unstable areas of frequently 
changing characteristics in temperature and salinity, parti- 
cularly in estuary environments or in locales with monscon- 
type climate conditicns, one of these methods should be 
employed frequently tc detect changes over time. In 
summary, bar checks are useful in determining consistency in 
depth readings on a daily basis and are quite appropriate in 
deducing velocity correctors by themselves in areas of 
Shallow water. However, in deeper areas other means need to 
be used to determine velocity correctors. 

For shallow water surveys, a necessary test to 
te performed is settlement and squat of the sounding vessel. 
One needs to know the depth below the water line of the 
transducer when the vessel is dead in the water so that 
final true depths can be determined after raw depths have 
been corrected for changes in sound velocity. Since bar 
checks are performed at a Stationary point, additional 
settlement and squat correctors at varying vessel speeds are 
required to reduce soundings taken on line when the vessei 
is in motion. An impertant prerequisite is to log the speed 
of the vessel at all times when hydrography is being run, 
otherwise the final reduced depths cannot be obtained. 

Calibraticn of base lines, when using electronic 
Navigation distance measuring equipment, is another neces- 
sary function which at times has been overlooked. Without a 
kase line calibration both before and after the survey, 


there 1S no way to determine whether or not the electronic 
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navigation equipment is functioning properly. Daily checks 
of the ranging system are necessary; these checks performed 
at the beginning and end of each survey day are used to 
verify the consistency of the daily data, as well as making 
it easier to determine which data are valid if discrepancies 


Should occur. 
Cc. Inappropriate Use of Equipment 


In the past, there has been a tendency to use 
tried methods and systems beyond the limits of their carfa- 
bility; this is especially true when nethods and systems 
developed to solve problems from the past are used in 
dealing with activities in today's world with greater stan- 
dards of accuracy. Fxamples of this misuse have heen 
feerten ty Haskins f Ref. 12, pp. 22-23}: 

The use of the 2-MHz phaSe comparison radio posi- 
tioning systems, initially developed for inshore coastal 
Surveys, for far offshore exploration surveys witk the 
associated problems of sky waves, night effects and 
ambiguity of lane ccunt in remote, unreferenceable 
areas. 

The use of 100-kHz phase comparison navigation 
systems for higher rrecision of survey control, some- 
thing they were never intended for. These data stay cn 
record for years and are later extracted and taken as 
EEuth. 

The use of self-recording tide gages, designed for 
deplcyment in protected inshore sites, in exposed areas 
offshore with usually unsuccessful results. 

The measurement of water depths critical in engi- 
neering design in very deep water by wide-beam echo 
sounders through water columns of unknown or indeterni- 


hate characteristics. 
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The use of graphical solutions for positioning meas- 
urements stemming from the days of optically measure‘ 
position lines long after multi-line radio positioning 
became available. 

The ever increasing pressure to use acoustics 
through the water for various end results utilizing, 


inevitablv, equipment of a previous generation. 


3- Cuality Contrel 


There have been numerous cases of shortcomings 
commonly encountered in contracting work to private organi- 
zations, particularly in the absence of personnel knewledge- 
able in checking specifications for and the results of 
surveying work. Several case histories have been cited by 
Sathaye [Ref. 13, pp. 17-18]: 

A port authority awarded a contract for new berth 
construction to a reputed firm. After project construc- 
tion had already begun, a hydrographic expert found that 
the berth alignment was normal to and in the direct path 
of the sediment transport flow pattern. Only timely 
modification enabled the situation ts be corrected. 

A large oil company awarded a contract for dredging 
and a post-dredging survey. The firm's result claimed 
that the channel was indeed dredged to the projected 
depth. The port hydrographer, upon checking the survey, 
found that depths 1 meter shoaler than the projected 
depth still existed. 

In its desire to accommodate larger vessels at new 
facilities under ccnstruction, one port authority 
decided to deepen a channel from 41 to 49 feet at a cost 
of $3.5 million. The port hydrographer, after analyzing 
the vessel drafts and prevailing tidal conditions, found 
that a 42-foot depth would be sufficient without 
hampering navigaticn of larger vessels saving $3.2 


million, 90 percent of the original estimated cost. 
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In the case of a poorly investigated seabed, an oil 
pipeline fractured under pressure due to the presence of 
a soft Strata on the seabed. Rectification cost the 
company a great deal whereas the cost of bottom sampling 
would have been mininal by comparison. 

Cuality control related to all aspects of coastal 
zone Mahagerent is of paramount importance, regardless of 
what type of survey is being performed. This control has to 
be established in any prospective hydrographic organization 
at all levels and adhered to rigidly without reservation, 
particularly when attempting to meet today's high standards 


Of position and depth specifications. 
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TIT. STRATEGIC PLANNING GUIDELINES 


A. IMPORTANCE OF STRATEGIC PLANNING 


Strategic planning is the formalized, long-range elan. 
ning process to define and achieve organizational godals. 
Basic important questions relating to strategic planning can 
be posed. Which grourfs represent the primary users of cur 
Nautical charts and who should they be? Which of the avail- 
able courses of acticn will be most consistent with our 
strategy? One of the most important reasons why strategic 
planning has become critical is that it enables managers to 
prepare for and deal with the rapidly changing environment 
in which the hydrografhic organization operates. These 
changes can be in eccncemics through budgetary cuts, legal 
decisions, and international laws and regulations. 

A country's decision-makers must understand the LEenefits 
to be derived from the formation of a hydrographic service. 
There are both short-term and long-term advantages to be 
achieved in this regard. Since financial resource commit- 
ment is necessary in establishing this service, it is likely 
that political decisions will play a role in funding cara- 
bility. For this reason, administrators at appropriate 
governmental levels must be made aware that only through a 
Stable and efficient hydrographic organization will benefits 
of economic development such as exploitation of offshore 
resources and trade expansion become a reality. The need 
for hydrographic service capability having previously been 
established, it is ncw appropriate to review mission 
requirements and objectives contingent on the identified 


needs. 
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B. PURPCSE OF THE ORGANIZATION 


The Eroad aim of a hydrographic agency is to te a 
complete, self-sufficient oceanographic information service 
in the long term. This aim provides the means with which to 
gain a thorough and ccmplete knowledge as it relates to all 
aspects of the marine environment for the benefit of 
science, commerce and industry. As this aim is only meant 
to be achieved in the long term, individual priorities and 
associated time reguirements will follow a sequential 
buildup in order that this goal will eventually become 


reality. 


C. ORGANIZATION MISSION REQUIREMENTS 


There are two positions from which one could relate 
missicn reguirements--wide versus narrow scope. In its 
broader context, the mission of the newly created hydro- 


grapkic service should contain the following elements: 


Mmmeineupraduction Of Nautical charts based on accu- 
rately performed hydrographic surveys to ensure safe 
navigation in all appiicable areas falling under 
NaelomaleyaurLSdickion. 

1i. Planning and surveying of ports whose establishment 
and upkeep is necessary to ensure economic viability 
in internaticnal trade. 

iii. The determination of maritime limits of the territo- 
rial sea, the EEZ, and the continental shelf as 
called for by the present Law of the Sea Conference 
negotiations and the acquisition of data to acgire 
knowledge of resource potential in this marine 
environment. 

iv. Collection of information and data useful in the 


protection of the marine environment. 
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The guidelines tc be addressed will be limited and deal 
with the narrowest scope of the above long-term mission 
requirements, that being the production of nautical charts 
to ensure safe navigation, except in cases of snecial 
interest cr concern. All other items above have been previ- 
ously addressed as to their relevance and importance in the 


ANntroducTion. 


De. MISSION OBJECTIVES 


An okjective is defined as a target that must te reached 
if the organization is to achieve its goals as defined fy 
its mission. Regarding the mission of nautical chart 
production, objectives can only be met if approached from 
the standpoint of development through a series of planned 
stages achieved progressively over time. It is logical and 
necessary that normal progression will be accomplished from 
modest beginnings, with planned growth evolving as a func- 
tion of emerging needs, financial considerations and 
constraints, and manpower availability. The objectives are 
expressed as a function of both likely priorities and time, 
and outlined below as five basic steps.of planned stage 
development [Ref. 2, p. 84]. 


Planned Stage Vevetopmene 


i. The identification of the appropriate agency Tomae. 
as the fccal roint for hydrographic matters. 

ii. The training of essential personnel which would 
initially be very few in number. 

iii. The establishment of a minimum service to survey and 
chart ports and harbors, approaches to ports and 
harbors, and inner coastal waters. 

iv. The expansion of the service to survey and chart 


cuter coastal waters and offshore areas. 
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v. ‘The further expansion of the service to fully en- 
Erace bathymetric and geophysical surveys of 


oceanic waters. 


The aktove develorment Sequence is directly dependent on 
specific need priorities identified previously in this 
thesis. If the overriding need is resource identification, 
exploration, and development or is based on military consid- 
erations, then the last two steps in planned stage develop- 
ment listed above likely would take on an increased 
priority. Many resources are located well offshore anda 
particular nation migkt need to begin surveys offshore in 
conjunction with port facilities inshore if resource devel- 
opment is the most demanding priority. An extra initial 
burden of increased equipment and personnel would then occur 
Since offshore survey work requires a different positioning 
system, equipment asscciated with bathymetric and 
geophysical surveys, and a larger vessel with its increased 
crew requirements, fuel consumption, and maintenance. 
Military priorities would demand accurate and complete Lath- 
ymetric surveys to fully represent the configuration of the 
seabed with all finnacles, wrecks, sand wave positions, and 
other least depths precisely portrayed to allow for safe 
havigation of both surface and subsurface ships. 

The primary scope of the mission has been identified as 
the production of nautical charts to ensure safe navigation. 
It 1S now appropriate to identify the mariner's requirements 


of such a chart. 


E. THE NAUTICAL CHART 


As identified in the introduction, safe navigation and 
trade requires that the nautical chart give information 
essential to all vessels including data for position fixing, 


route finding, and safety and ease of navigation. Detailed 
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recommendations regarding essential information to he 
portrayec on a nautical chart are a function of Chart use 
and navigation subdivision classification. Various IHO 
Technical Resolutions have identified specifications 
involving the portrayal of this essential information. % 
Schmidt [Ref. 9] advises that any list serve only as a 
framework for selecting the required information and not to 
be used as a definitive check list. Regardless which reccn- 
mendations a charting division might choose to adopt, it 
will ke necessary to determine the purpose of the chart so 
that appropriate items to be portrayed as needed for posi- 
tion fixing, route finding, and navigation safety can be 
identified. 

Production of a precise nautical chart requires that an 
equally precise quality of survey data be obtained. It is 
necessary to specify both positioning and sounding accura- 
cies and sounding intervals of the survey. It is recon- 
mended that all nations utilize survey standards and 
specifications adopted by the latest edition of the IHO 
Special Fublication No. 44 [Ref. 14]. Book 1 of this publi- 
cation 1s entitled The [HO Standards fori yineqrapiie 
acceptable standards for surveys...." and Book Z, The 
Classification Criteria for Deep Sea Soundings, otter 
",.e-ea uniform set of Criteria for classifying bath yieter. 
soundings after they have been taken, for record purrfoses, 
and the guidance of cartographers, scientists and other 


users" [ Ref. 14}. 


4For another viewroint, it 1s recommended that the 
Report by the German Hydrographic Institute Working Group be 
consulted. Although not ou Dee eae here, the three tables 
from that report can be useful in dealing with depiction ver 
chart information and can be fcuna gu ket.) 9, pp. Joao 
Tables T, II and IiI. It should be moted that in some Ga- 
items identified in this NOE SEOs Report occasionally 
conflict with existing IHO Technical Resolutions. 
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The IHO plays a major role in rostering international 
cooperation in the standardization of hydrographic symbology 
Pobetrayeda OM the Nautical chart. Through its forum of 
regular conferences every 5 years, they have been successful 
in promoting similarity in production of charts and related 
publications: These items include overcoming language prob- 
lems; standardizing symbols and abbreviations; standardizing 
light lists; written descriptions of coasts, ports and 
dangers; directions for safe sailing; and tidal informaticn. 
FRef. 15, p. 480] 

The actual procedures and specifications mentioned 
previousiy will be determined bv the purpose for which the 
nautical chart is to te used. Shallow areas constituting a 
hazard to navigation must be very precisely sounded whereas 
the deeper areas are sounded with the broader aim of 
obtaining an accurate portrayal of the representative 
outline of the seabed. In contrast, for a bathymetric 
survey all areas should be surveyed with equal precision. 
in either case, it is necessary to first determine the scale 
of the chart. This determination will then enable one to 
define the smallest feature that can be represented at the 
chosen scale, and sounding standards meeting IHO specifica- 
tions can then be determined and used in conducting the 
survey. 

It is advisable tc follow some basic rules of. thumb in 
the preparation of nautical charts. Several of the fourteen 
rules that follow have been summarized from Newson [Ref. 16, 
Bee 2260-358). 


i. Each detail must be assessed for its usefulness to 
some important class of user in the context of the 
Surrounding details and the scale of the chart. 

11. Chart format sizes and specifications according to 
THO specifications of the International Chart 


Should be used whenever possible (see Ref. 17). 


Sy 


alae 


Aves 


Vie 


Vii: 


te 
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Ma aigies 


Detailed derth information in required areas should 
be shown in a specific order. Least depths on 
Shoals and in navigable channels should be shown 
first, followed by a specified range of depth 
curves, and then by selected soundings showing the 
trend of bottom features not brought out by the 
depth curves. 

All deeps need to be accurately depicted on the 
survey so that determination can be made by the 
chart compiler as to whether the deep is a sSignif- 
icant feature which should be shown on the final 
version of the chart. 

Small-scale charts should show a complete overview 
of the surrcunding marine environment to aid in 
Pill otang. 

Coastal navigation charts must not have areas of 
qreat traffic density or course alteration points 
located at the juncticn of adjoining sheets. 
Coastal approach charts must depict prominent land 
features necessary for taking bearings and ranges 
to aid in vessel piloting. 

If possible, all the Significant variations of 
bottom quality should be identified to aid in 
anchoring and when navigating in shoal areas. 

This information is of great interest to fishermen. 
The depicticn of all of a port should be shown on 
the same chart whenever possibie. 

Adjoining nautical charts need to have significant 
overlap between them to aid in navigation. It will 
be the job cf the chart compiler to judge what 
overlap is significant ina particular situation. 

A chart scale should be selected that depicts 
detail in accordance with the purpose of the chart. 
Topographic features are of greatest interest to 


the navigator when piloting along the coastline 
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and these features assume less importance with 
distance from the water. It is the unique or 
unusual feature of the topography that the mariner 
needs for determining position and thus must be 
portrayed. 

Differing lettering types and weights should net 
be used to represent specific facts on a nautical 
Sideeeasemmuey abe Often difficult to distinguish 
and could lead to chart ambiguity. 

Most charts must be updated periodically, but 
unless absolutely necessary should not be accon- 
plished by the commission of another survey. One 
effective method in disseminating relevant infor- 
Mation is by corrections issued as attachments tc 
Notices to Mariners. Dissemination can easily be 
accomplished through the set-up of a local infor- 
mation gathering unit who can relate any useful 


items to the appropriate charting authorities. 
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IV. PLANNED STAGE DEVELOPMENT 


A. OVERSEER OF HYDROGKAPHIC Sinvicg 


There are several alternative solutions to the question 
of which governmental department will be the parent organi- 
zation to the newly established or expanded hydrograrhic 
service, keeping in mind the assumption of national juris- 
dicticn made in the introduction. 

Historically, it has been logiacaleror Geeountry wo 
utilize its naval organization to administer hydrographic 
affairs. Any beginnirg hydrographic service will be heavily 
involved in problems of vessel acquisition, logistic 
support, etc. These problems are much easier to handle and 
plan for when under the direction of a national military 
establishment. Advantages include dealing with procurement 
and overhauling of vessels so that they can be utilized ina 
hydrographic mission, wide-ranging access to sea-experienced 
personnel, and echo-scunding and navigation position-fixing 
equipment. There iS a recognized hierarchy in the defense 
community within which a hydrographic agency could adart and 
adjust easily. Perscnnel are trained to do exactly what 
they are told. Followirg instructions precisely 1s espe- 
cially crucial in hydrography where attention to detail can 
make the difference between success and failure of a survey 
and subsequent chart froduct. 

The greatest disadvantage of naval jurisdiction is that 
in times of war or national emergency critical personnel may 
not be available to the hydrographic service. Even in 
peacetime, military personnel rarely perform more than a 
3-year tour of duty Lefore being transferred somewhere else. 


It is always difficult to maintain precise planning and 
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scheduling if the prcespect of continued interruption in 
personnel is a likely occurrence. In addition, pursuit of 
scientific knowledge is not always one of high priority to 
the defense establishment and as such the agency would not 
always receive the support necessary to carry out its full 
range of scientific functions needed in hydrographic study. 
Recruitment in geodesy, surveying, cartography, and other 
typically non-military fields could pose problems for the 
military in staffing the agency. 

In contrast, there are advantages to civilian control 
under direction of either the geodetic, topographic, or 
cartographic agencies. Highly trained and competent 
Civilian personnel can be counted on to provide a continuun 
to the staff with which the hydrographic agency can work to 
accomprlish its mission in a smooth-flowing and efficient 
Manner. There is also a greater degree of flexibility in a 
Civilian environment and this becomes important when dealing 
with proklems posed by rapidly-changing internal and 
external environments. Good managers are hard to come by 
and thus the agency must strive to maintain these management 
people on a career basis. 

Using the IHO 1982 Annual Yearbook [Ref. 18], parent 
organizations of respective national hydrographic agencies 
have been identified as members of the IHO (Table II) or as 
nonmemters (Table ITI). Many of the nations listed do not 
presently have a hydrographic agency per se. Some agencies 
are Strictly port authorities and others have only a minor 
Setupmanee Of hydrographic capability. Civilian jurisdiction 
has been broken down as follows: Marine--marine and port 
authority; Survey--survey and public works; 
PeanSPOEt--tlansport, trade and industry, justice, and 
communications; and Oceans--oceans, fisheries, and 


envircnment. 
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Parent Body Overseeing Hydrography of IHO Members 
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TABLE III 
Parent Body Overseeing Hydrography of Non-IHO Members 


Silitary Poly oes le yey 


InN 
O 
& 
oS 
ct 
Lp | 


Marine Survey Transport Oceans 
Algeria X 
Bangladesh 
Earbados 
Benin. 
Eolivia 
Burma 
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Colombia 
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Cook Islands | 
Costa Rica | 
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Cambodia 
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Gabon 
German Dem 
Republic 
Ghana 
Hendiuras 
Treland | 
Israel | 
Ivory Coast | 
Jamaica | 
Jordan 
Kuwait | 
Lebanon 
Malagasy . 
| 





Maldives 
Repuklic 
Malta 

nex CO 
Morocco 
Nicaragua 
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Papua . 
New Guinea 
Paraguay x 
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Sra Lanka 

Sudan | 

Tanzania | 
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The case for military or civilian jurisdiction must row 
ke decided. Considering nations with present IHO member- 
Ship, 65.3 percent have hydrographic services under military 
jurisdiction while only 34.7 percent fall under some form of 
Civilian control. In contrast when looking at those nations 
not belonging to the IHO, 78.0 percent fall under civilian 
authority while just 2z22.9 percent have military ties. 
Evaluation of the abcve statistics, in light of the previous 
discussicn of military versus civilian applicability, 
strongly influences the decision regarding jurisdiction. 
Nations which presently do not belong to the International 
Hydrographic Organization are most likely to be the ones 
seeking aid and advice in setting up a full hydrographic 
service. The present skeleton service of these naticns is 
predominantly in the hands of a civilian authority. In 
addition, hvdrographic needs are an increasing function of 
jocal requirements, specifically trade and resources which 
naturally lend themselves to civilian control due to 
economic considerations. Based on these points, and the 
assumpticn made earlier that most nations have an estab- 
lished geodetic, topographic, or cartogravhic capability, 
command from the civilian sector of government seems a 


natural choice in most Cases. 


Be. ORGANIZATIONAL STRUCTURE AND FUNCTION 


There are numerous ways in which any organization can be 
structured and a hydicgraphic organization is no exception. 
A review of those in operation today show a wide diversity 
in design. The proposed organization (Fig. 4.1) attempts to 
achieve a balanced mix of expertise incorporated into a 
smooth-flowing, efficient, well-managed, production oriented 


agency. 
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Nations attempting to establish hydrographic capability 
need reofle of action to get charts revised and updated to 
present standards, nct to create an additional burdensone 
administrative bureaucracy. Such an organizational striuc- 
ture reflects the primrary misSion involving nautical chart 
production. Later on, other scientific disciplines such as 
oceanography could be easily integrated as a new division or 
as an independent agency--this will be purely a function of 
the circumstances of the individual nation involved. 

Lean staff support is recommended as a lesson to be 
drawn frcem the business successes of today. A combination 
of a minimum number of highly-skilled top management 
personnel and a wise, decisive, and relatively independent 
team of production managers capable of successful problenr- 
solving is all that is needed. Working together, this mix 
will be a major factor in determining success in management 
and production as well as high productivity and career noti- 
vation of employees. 

The director must have time-tested and proven management 
Skills and abilities. It is highly recommended that this 
person also have both experience in hydrographic sciences 
and a degree in a related field such as natural sciences, 
engineering, or surveying. Only if the Director is fully 
aware of the overall requirements necessary to fulfill the 
organization's mission can he or she then obtain, through 
recruitment, personnel most likely to aid in mission accon- 
plishment. Management skills relating to the initial set-up 
are also important, as any decision made at the beginning 
often sets the tone regarding organizational long-term 
values. Responsibilities include evaluation and procurement 
of equipment for both survey and survey-Support functions, 
vessel acquisition, Lbudgetary knowledge for personal 
decision-making and recruitment of a budgetary specialist, 


recruitment of the two division heads, and the foresight to 
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PramecOr Luture organizational growth.5 Such planning 
includes arrangement for the training of newly acquired 
personnel needed in the long term in order to create a fully 
gualified, multi-functional working group capable of inter- 
disciplinary functioning, allowing for far greater flexi- 
bility in times of crisis or changing priorities. 

The overwhelming single reason for success in any organ- 
ization is the selection of the right individual at the 
helm. Peters and Waterman [Ref. 19] state emphatically, 
with numerous examples to back up their claim, that it is 
the value structure established under a strong, knowledge- 
able, visionary leader which iS paramount to success. The 
director of the agency will need to have such gualities to 
instill these ideas into the organizational fabric so that 
success will be a natural consequence of hard work and dedi- 
cation. The right value structure permeates the organiza- 
tion and leads to personnel stability, career motivaticn, 
and higher quality and productivity. A nautical chart 
product is no exception and highly motivated individuals 
inspired by the right leader are capable of things that they 
aS individuals might not have thought probable to achieve. 

Current management theory states that the first crisis 
point to occur in any organization as it increases in size 
and age 1S a “crisis of leadership." It can occur because 
Weeesthe founcers, incapable or unwilling to change their 
Management styles, may have to step aside in favor of a 
strong manager who can refocus the organization" [Ref. 20, 
pee 3/0 |. The importance of the right management person at 


the tcp from the beginning is again underscored; one who is 


=Strong, decisive Baas See is required at the division 
level 1£ the lean organizational staff is to succeed. 

Unless the Director has these aoe e Lee 1t is unlikely that 
he or she will be able to identify these same gualities in 
others. Be nae ol ti tomiidtUEaimetO, assume that any top 
magia ty panage Sends resist eee a division head position 
if it was perceived that the Director had less than top 
quality management skills and abilities. 


4’) 


able to adjust to changing needs and priorities easilv with 
Minimal erganizational disruption. 

Two divisions are intended to handle the full range of 
production functions necessary to create the final nautical 
chart preduct; these are the Hydrographic and Charting 


Divisions, each with its own area of responsibility. 


1. Hvdrographic Livision 


The Hydrografhic Division performs functions related 
to all aspects of Survey operations and is subdivided into 


four Eranches. 
a. Hydrographic Planning Branch 


The functions of this branch include the tech- 
hical and logistical flanning necessary before a survey 
project is to begin. Once the branch has been made aware 
that a particular survey is needed to support chart revi- 
Sion, many functions have to be performed from the planning 
aspect in support of the upcoming survey. 

All items relevant to the historical record of 
the area must be assembled. Among these are prior ‘surveys, 
previous charts of the area and associated junctioning 
charts, geodetic control data, and all other additional 
information which is pertinent when propoSing a plan of 
attack for the survey. 

A geodetic control package is reguired which 
identifies all existing horizontal control and ascertains 
whether the control still exists by examining station 
recovery notes. As a first priority, the geodetic field 
people are notified sc that additional control can be estab- 
lished if necessary. Geodetic information is needed to meet 
requirements for both photogrammetric control for shoreline 


mapping and hydrografhic survey positioning. 
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The planners also activate the tides secticn to 
accumulate necessary historical tidal information and to 
determine tidal zoning boundaries--this information will he 
forwarded on to the fhotogrammetric section if needed... 

The next determination is whether shoreline naps 
presently on file are adequate or whether new shoreline maps 
are needed. If needed, this step would include planning for 
new tide-coordinated photographs of the area through which 
photogrammetric techrigues could be applied in generating 
the updated shoreline maps. Although the actual photogran- 
metric field work planning does not originate in this 
Eranch, the planners are responsible for the logistic 
Support of the field unit through arrangements involved in 
procurement of necessary equipment. Logistic support can be 
arranged through some other government agency or through 
contract, depending on feasibility and availability. 

All informational inputs are accumulated by the 
Hydrographic Planning Branch. It then becomes the responsi- 
bility of this branch to write the Project Instructicns to 
be used Ly the survey team in the field based on this total 
accumulated informaticn. These instructions attempt to 
cover most of the contingencies which could arise and 
dictate surveying specifications which need to be followed 
in the field. The office staff also generates a Presurvev 
Review which identifies areas and items which need to be 
investigated further to prove or disprove an item ona 
previous chart edition which might be in dispute regarding 
its validity. Reported shoal areas are identified and 
investigative requirements related to the search and identi- 
fication procedures in these areas are spelled out clearly 
to give the field unit as full a set of guidelines as 
possitle. 

The Marine Support Specialist also plays a crit- 


ical role in the Hydrographic Planning Branch with such 
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varied responsibilities as conducting logistical support for 
the survey team; making appropriate decisions regarding 
type, function, and subsequent procurement of vessel; and 
preparing the survev vessel with an appropriate compliment 
of hydrographic equirment necessary to accomplish the survey 


as described in the Froject Plan. 
br. Survey Operations Branch 


The Survey Operations Branch will be responsible 
for all aspects of field operations® and will be organized 
in five sections. 

(1) Geodetic Section. 

Functional requirements of this section 
relate to field work needed in establishing or verifying 
control information to be used in photogrammetric control 
and by the survey party in position fixing. The personnel 
might need to go into the field in advance of the hydro- 
graphic survey team when deemed necessary in areas of sparse 
or no control. The land surveying capabilities of these 
field personnel must therefore include expertise in the full 
spectrum of methods with which establishment of adequate 
geodetic control can te accomplished. Ground survey methods 
include traverse, triangulation, and trilateration. 
Knowledge in these methods is absolutely essential, and if 
other satellite-aided methods are available, these tco 
should fall within the realm of expertise of the surveyor. 
Any particuiar method to be employed wili be a function of 
availakle alternatives, past experience, and applicability 
to the particular Situation. Again, Cross-—-functioning ya 
exist whereby this information is added to the presurvey 


planning package before the survey begins. After survey 


€It is recommended that the IHO's Standards of 
Competence for Hydrographic Surveyors [Ref, 2TJ be usejd as 
ro 


the guide in evaluating experience Tevels in hyd 
surveying. 
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data acquisition geodetic processing might again be required 
to reduce and verify any field-generated geodetic measure- 
ments and positions. 

(2) Tides Section. 

Responsibilities include functions which 
need to ke performed Eoth before and after the actual 
survey. Tidal zoning recommendations are made based on 
mrstorical data prior to actual tidal data acquisition. 
Zoning is based on historical data and information 
concerning the nature of the coast and the interrelation- 
Ships cf varied meteorological and geographical effects 
which play a role in determining the actual tides. The 
section needs to compile a full historical tidal package 
including data of predicted values and location of primary 
Stations and any secondary locations which might still ke 
operating. The historical record and zoning information is 
then forwarded back to the hydrographic planners to be 
included in the total presurvey package. After completion 
of the survey, the Tides Section again becomes involved to 
analyze the actual tidal record from all tidal stations. 
This analysis produces the real-time tidal correctors which 
are applied to the raw survey sounding data later to be 
eompsled £0r the nautical chart. 

(3) Photogrammetric Section. 

Whenever applicable, depending on require- 
Ments, this section will have the function of flying the 
tide-coordinated photography and producing shoreline mars. 
The photcgrammetric mapping should be performed after both 
control and tidal information has been received. Deter- 
Mination of panelling requirements for photo-identification 
needed tc achieve satisfactory control coverage, for the 
Secuuate portrayal Of Shoreline positions, would then be 
made easier. In addition, it could be possible to ottain 


foSiticns of certain hazards to navigation which might [fe 


el 


clearly visible on tke photographs. The final shoreline 
maps are forwarded to be included along with all other 
inputs to the total fresurvey package. 

(4) Hydrographic Survey Section. 

After all the preliminary source informa- 
tion has been amassed, the actual field survey can begin. 
The functions of this section inelude conducting the vaca 
survey which includes sounding and position fixing as per 
Specifications in the Project Instructions. Field 
processing of the raw data is a quality control function 
whereky the data are scanned daily in order to examine all 
positions and depths, discarding those that appear to be in 
error. The field sheet is also examined daily to determine 
whether Ltottom features require further investigation. 
Close examination 1S important to accurately represent a 
true portraval of the bottom and also to verifv that all 
least depths are identified and represented on the field 
Sheet. Soundings are adjusted for predicted tides and 
Flotted on the field sheet. The National Ocean Service 
hydrographic survey flow chart (Fig. 4.2) can be used as a 
field checklist to make sure all necessary functions have 
been carried out as required. 

(5) Miscellaneous Tasks. 

Various additional tasks might be 
required, depending on the Project Plan and Project 
Instruction specifications listed in the presurvey package. 
One such task might involve forwarding the present edition 
of the Toast Pilot and any special project needs on to the 
survey as part of the total package. Instructions must 
specify whether bottcm samples need to be taken and if so, 
what sampling density 1S necessary. A user evaluation is 
also performed and forwarded with the Coast Pilot informa- 


tion to the survey unit. 


52 


z4aeyD aoTg Aaaans otyderboapsy Z°t eanbtry 


we 





——— 














1ucdiw 
Tow IANO? 
IFVLNUZIBOH 


TOMLNOD 


SNOT wer IFS 


arlewlae aM ase 










fn as 
= SaeMDS | tole HLOOWS 
H1d30 


anos 
one 
Lm IM PTLLIS 





NG IND 
LwIRdinos 





Sig¥l 199 £6 L102 BMG 





SAJAUNE word 
One 


= = = $1233H5 
se EHD HL i 4C1d NICORME - 116 HLOCORS 
SNOCMwYdIMOS £Nultno> 













§O,0ne On 
‘SoNl¥z7O 14103 O1DI2 

“Si diBIENNFEROIOHG 
JNIRGR) ONG NIFLGO 


Odev, wastem At08 







Oder, 801>90N02 mapa ty 
LZAWNE dua 
ONY 
“SLBAMNS 
woud 
* FNP TIMOHS 


wBIISHTEL 


suOd ae 








4:00) O8F «GV EmsOCee “90% 
OwiSS330¥d / WOILINGIN 





Si2snsivoe 
"Oo 
Sadtsivt 
@ STNDIS 


wIOMNOS CHI 






Staavia 









lw ote 









(sb J eve 
24190734 








LwOdIn 
BAIL div IS 30 


Sidbsnsivoe 
LINwsENOD 





eNOl a, FeRIIT. “81899 Grand ure 





beac: Cte "Kiteneh wOLAOe 





Livuiser 
NOIL FUG) IF) 


wOoUlLe o O41 COrv Geisvo te 


See siOe Ot dsvadd 65m: 0ENOS 





Sagans 
10@ 
Ho 
viva 





A¥Cd]y TOwLMOD 
Gd'wOw1d391a 












Vay SPAWNS 
410 wOJ 16 


Vw lNOD 
Latlm3ol O1LGHe 











AHaTBICHOIH 





S1FNOIS 1c WOrLISINGIF ivvo 





Jim ¥ASIG 












owl No? 
WWaMOZTWOH 
OGmwriGrma 
anwimvna 


Ore D336 
Bart 
wOrLVLE 
1wiRO?) 


YOusNod 
VWAanoT MOH 
LwVEM IMIIING 
wOrl@vie2 















GC VVNOIS 


ONY SmOnL¥LS 
BwOwG £3303 












ivogiw 
4:03 O12 





41032 GO3S 
ivvHmilivd 











4:03) Obs JAISM IHF HEMOD 






















iuGaiy 
wOlLVEb 
3Ou 








€3$¥G JO 
VWaADtIwW @ BACHMAN 





FA¥O Bork 16 wOPsISINGIF 

















$210" 1¥aACDIY 
aww HIN] 
aNIAVRD 


$3106 
320¥8 4301 
VWwawad 1537396 





woreda T36 
ait 






SiHOIdH = =6AT¥NOH \] €39¥9 Jolh 43437 


| | saov0 30:4 Vtwate 
co? @ Bav weve 


VHD 












| fl MOLLVOIATM Of SOF SHILTO1s - NOM 
ivGaiv 40%1¢@ 16709 
ioe isto) OwrlSeee FEII9¥ 






er 


LYVHD MO1S AZAYNS IIHDVYSOMDCAH 


i e — [EA SST-OERS-OEE EGS? ee ace ee re ce eee car pees meet eu mesa deem acces eal ge ieee eco tminstatenal 


53 


ce Data Processing Branch 


The Data Frocessing Branch receives all the 
Survey data, the Coast Pilot report, and the Descriptive 
Report ufon completicn of the field survey. This kEranch is 
responsiftle for all fcerms of verification with some 
ferformed directly by versonnel in the branch. In the case 
of tide and geodetic information, the branch acts as a 
disseminator sending the material to the appropriate area of 
expertise for verification. The actual tide data received 
from the Tides Secticn are in the fora of tidal correctors 
and tidal zoning information to be applied to the raw 
sounding values. The geodetic information is returned fully 
adjusted and reduced with field-generated control positions 
verified and geographic positions determined. The Coast 
Pilot report, if generated from the survey, is sent back to 
the aprropriate section for review with deficiencies 
reported; a new printing of the Coast Pilot will then take 
place if deemed appropriate. 

After all data are returned to the verification 
center, the branch performs the full reduction of position 
and sounding data and makes a full inspection of all 
material as the processing proceeds. Additions are also 
made aS appropriate tc the Descriptive Report. A National 
Ocean Service office data processing flow chart (Fig. 4.3) 


illustrates work flow in the Data Processing Branch. 
d. Data Archives Branch 


Two different sections of data archives shculd 
be maintained. One will act as the permanent data file, 
retaining ail original survey data and related tide and 
geodetic information. File negatives generated by the Chart 


Compilation Branch will be in permanent storage here as 
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well. The other section will contain material necessary to 
continue with present chart production. This material 
includes the final smooth sheet and the Descriptive Report, 
both released to the Chart Compilation Branch on a tempcrary 
basis. Minimal staff is required to maintain this branch. 
Initially, one person, being well organized with good secre- 
tarial and research skills, will be fully able to perform 
the functions of the archives. Later on, asa series of 
continual chart products are being co-generated, additional 
staff might be required when deemed necessary by the 


OLJanizavuer. 


2. Charting Davacion 


The Charting Division performs functions related to 
all aspects of charting and is subdivided into four 


tranches. 
as Chart Planning Branch 


The Chart Planning Branch performs the first 
functions in chart production. The basic responsibility is 
the determination of survey and chart needs with an on-going 
review regarding update requirements. Planners are charged 
with perfcrming overall assignment scheduling tasks neces- 
Sary to insure full, cost-effective utilization of resources 
after priorities have been established. The full set of 
Chart requirements are forwarded to the Hydrographic 
Divisicn fer subseguent individual scheduling based on the 
Chart Planning Branch overall scheduling scheme.’ Inputs to 
the Eranch could come in the form of deficiencies reported 


in the Ccast Pilot necessitating a reprint. Additional 


. , "Work flow, after initially being in the Charting 
Division, Chart ee Sane will remain in the 
Hydrographic Davisrongen cough the archiving of the Survey 
datd se bom. chew cee untid fi had s Gere eon eed 


remaining work will ke in the Charting Divesvone 


ei 


inputs could include the identification of new needs, 
information related to prior surveys not meeting require- 
ments (1.e., in guality or area surveyed), or deficiencies 


in Notice to Mariners regarding shoals and obstructions. 
Deen art Conrilativongsranch 


At the conclusion of work flow in the 
Hydrographic Division, the smooth sheet and Descriptive 
Report are forwarded to the Chart Compilation Branch fron 
the Data Archives. Cartographers are required to prepare a 
nautical chart compilation from which color separaticn can 
then Fegin. The end results of this process are a full set 
of rerroduction negatives from which a final print can tke 
made and the precurscr file negatives which are forwarded to 
the archives for permanent retention. Quality control is 
essential in this branch to insure that the original survey 
"a3ntegrity" is maintained. Representation of bottom 
features should remain intact and critical defects should 
be identified which were not located by previous 


investigations. 
Gy sehad bt Pranting Branch 


The Chart Printing Branch produces the final 
hautical chart product from reproduction negatives furnished 
Mapene COMPlidticn Branch, Again, a guality control func- 
tion is performed. A random sampling of charts is done to 
insure a continuity in product accuracy. It eliminates the 
possibility of printing masSive guantities of charts having 
a critical defect due to a problem with the printing press 
itself. 


d-—  Ghdart Distribution Branch 


The primary activity of the branch is the 


Pistribpution Of the final nautical chart product. 
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A graphical representation of the work flow sequence 

for the crganization's two divisions would be pareteutarc 
useful. Work flow is shown for vear-round surveying 
capability (Fig. 4.5) and time based on seasonal surveying 
capability (Fig. 4.4), both assuming normal priority. Time 
estimates are subject to alteration with changing priorities 
of a particular chart product and also related to the number 
of employees utilized to perform a specific function at any 


point in the work sequence. 


C. ESTABLISHSENT OF A MINIMUM SERVICE 


The establishment of a minimum Service as outlined in 
this thesis assumes no present hydrographic organization or 
capability exists. In most cases, the first priority will 
re conducting surveys of harbors and their associated 
approaches and channels to produce an accurate chart product 
capartle of providing safe navigation for today's size shirs. 
The first step after flans for hydrographic agency estab- 
lishment have been affroved is to immediately begin working 


on objectives necessary to fulfill the agency mission. 


A critical decision must be made initially regard- 
ing the size of the unit expected to perform hydrographic 
fieid survey operations. To relate various operating units, 
data from the Pacific Marine Center (PMC) of NCS have been 
compiled using actual 1984 operational expenditures (Table 
IV). The operating units being compared are ship RAINIER (a 
231-foot Class II vessel), ship DAVIDSON (a 175-foot Class 
ITI vessel), and the Facific Hydro Party (a hydrographic 
field party). 
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TABLE IV 
1984 PMC Survey Operation Costs 


Cis roe tonas kansas ti o4 
($1,000) 
RAINIER DAVIDSON HYDRO PARTY 
Salaries ; 915.9 E0560 Gio * 
Other Compensation 431.6 216.1 cians 
Benefits 9G Zoe 52216 
Travelé ; 1133 Te DO 
Mean=sportation? 4.4 40 Toe 
Rent4. Oe. Pa) re) 
eS eL LG : i738 OO) os 
Contract Services ZO Ze Oran 
Mess oreo Doi seo) WG 
Fuel | 2 Oren) 0c 0.9 
Supplies i250 82.0 lez) 
Eqguipment®> Ne 18, Ca 
TOTAL 2,00) 1,244.7 OS. 
POSITIONS: 
Commissioned Officers 9 8 2 
Permanent 42 Ze 3 
Temporary 18 2 1 
Maintenance Plan--FY 84 
(51200 0) 
Electrical Messe Local 
Maintenance Repairs 

RAINIER 158.0 210.0 BiG ow 

CAVIDSON 50.0 25370 oe 

HYDRO PARTY ere 4.0 oe) 


Salaries include ony Commissioned Officers 
Includes meetings and/or per dien 

Transportation costs due to shipment 

xerox, telephone, helicopter, trailer space, etc. 
Includes new shir items 


Ae une 
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Close examination of these operating costs illus- 
trates the dramatic difference between ship and field party 
expenditures--it is a full order of magnitude. Ina nation 
attempting to start a new hydrographic agency, consideration 

f this cost differential becomes an important factor. 

In the initial stages, it is foreseen that necessary 
surveying work could te achieved with a small hydrographic 
field party consisting of six personnel. *Sligne variations 
may be required depending on the method of data acquisition. 
The usual field party equipment will consist of a covered 
survey launch for data acquisition, one or two smaller work- 
Loats for establishirg and checking control and tending tide 
gages, an office trailer, and two vehicles. For the field 
party to function effectively, the personnel need to be able 
to perform (1) Supervision of Survey processing, daily 
review, administration, supply, and maintenance (Party 
Chief); (2) supervisicn of data acguisition (Assistant Party 
Chief); (3) maintenance of electronic and electrical equip- 
ment; (4%) geodetic surveying; (5) drafting skills; (6) 
report writing; (7) tide station construction and mainte- 
nance; (&) diving expertise; (9) boat-handling experience; 
and (10) seamanship skills. 

The above functions are broken down into approximate 
percentages of total field party time as follows: 20 
percent geodetic, 30 fercent survey launch data acquisition, 
30 percent processing and report writing, and 20 percent 
administrative. 

One important ingredient to a successful field party 
is the interdisciplinary skills associated with the various 
personnel. Such an approach iS considered absolutely essen- 
tial. It would be unacceptable and counterproductive if 
each member was only knowledgeable in one aspect or area of 
expertise. As a field party, based locally in the survey 


area with its own facilities often far from office support, 
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many things can occur which could hamper survey operations. 
Examples include equipment breakdown, decreased personnel 
strength due to illness, or a change in weather. With an 
interdisciplinary approach these temporary inadequacies 
could be alleviated by a transfer of responsibility, 
provided that the exrertise is available on Site. 

The field unit will typically be involved in data 
acquisition, data processing, and tide station maintenance. 
All processing of data is done on site in office trailers 
which make up the primary logistic support facility for the 
field party. 

In the determination of the capability of a fparti- 
cular method of survey operation, estimates have been devel- 
oped by the Nautical Charting Division of NOS regarding the 
number of linear nautical miles (LNM) each type of operation 
is aktle to perform. A Class II or Class III ship cecmpletes 
1000 to 2000 LNM of ship hydrography per month, while launch 
myarkcgracrhy for a Class iL and Class Ii2I ship complete 500 
to 750 LNM and 250 to 500 LNM per month, respectively. This 
Pern contrast to the hydrographic field party which 
completes 50 to 500 LNM of launch hydrography per month. 

The range of values has been based on the number and diffi- 
culty of the tasks performed other than running main-schenme 


maecography. [ Ref. 22, p. 9] 
2. Start-Up Requirements 


If manpower and funding deficiencies are enccuntered 
at the beginning when the organization is in its initial 
building stage, then logic dictates that the full organiza- 
tional design previously described will itself take on the 
Status of an objective over time. Instead, it has to be 
decided what bare necessities could be utilized immediately 


so that production could begin. 


ee 


a. Restricticns on Size, Equipment and Manpower 


The initial organization Could function gum 
adequately with a very lean staff. The Canadian 
Hydrographic Service, Department of Fisheries and Oceans, 
has formulated a detailed proposal for the establishment of 
an Irish Hydrographic Service [Ref. 23] which discusses the 
personnel necessary to support a modest yet elite organiza- 
tion. The size of the agency in its beginning phases as 
originally perceived for this thesis is in basic agreement 
with the detailed Canadian Hydrographic Service study. 

Several key assumptions have been made in regard 
to=CeErtain Brancnelunetmionc: 

Cross-functioning at the planning level car be 
utilized if dictated by priorities, which means faa 
management personnel in these positions will have appro- 
priate backgrounds in both survey and chart planning. 

Regardless.as to what arrangements are made in vessel 
procurement (be it direct purchase of a new vessel, 
purchase and re-outfitting of an existing one, contrac mung 
out for a vessel on a when-needed basis, or a vessel 
Supplied by the Navy on loan) the organization will need 
to rely on naval support for periodic maintenance and 
overhauling during the initial years. 

Additional data processing and verification capability 
could he drawn from cne of the other branches during 
periods of down-time. This branch will have the first 
priority in future hiring after the initial personnel have 
been employed. 

Chart printing and disStributvonveawe pa ieerd ey eee 
performed at the national topographic mapping facility 
printing center until such time as funds are available to 


establish a self-sufficient chart printing capability. 
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Twenty-three hydrographic personnel are deemed 
the minimum necessary to fully perform the primary crganiza- 
tional mission (Table VY); these personnel must then be iden- 
tified within the organization from the point of view cf 
Eranch functioning (Table VI).® The division heads will play 
key roles in the respective planning functions. The 
Secretary/Records Clerk will have a dual role temporarily. 
Initially this responsibility would be manageable by one 
person. Over time, as general work flow is increased, a 


permanent Data Archives person would need to be added. 


se. Hydrog. /Hydrographer 
ChiefySr. Survey Technician 
Survey Technicians. 

Asst. Suey Cy Technician 
Elecmaoni¢c Technician 
Atle Bodied Seaman/Mechanic 
Processing/Verif. Spec. 


| - rs 

| 

| TABLF V | 

| Initial Personnel Organizational Requirements | 

| 

| Director | 

1 Budget Specialist 

1 Secretary/Records Clerk | 

Hydrographic Division (14) Charting Division (6) | 
Supervisory Hydrcgrapher 1 Supervisory Cartographer 

| Survey Planner a 1 Chart Pianner ane | 

| Marine Specialist 1 Senior Cartographer | 

| Geodesist _. 2 Cartographers ae, 

eC oma PCC Pata s © 1 Photographic Specialist | 

| Photogrammetrist | 

| 

| 

| 

J 


SA lasting of jor titles and job descriptions for mcst 
lower level employees identified in this presentation can be 
found in Appendix A. 
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TABLE VIL 
Identification of Branch Personnel 


Hydro ta 
Supervisory ay 
SUEV eve 
Marine Spec 


= 
| 

} 

| 

| 

| 

( 

| 

Pi eldyeperarwonsgeed | 
Geodesist and Asst. Survey | 
Tides Specialist | 
Photogrammetrist | 
SR =, Hye Oe eee oem ee Chief/Sr. Survey Techa | 
| 

| 

| 

{ 

| 

l 

| 


rap 
MIQ 


hnician 


urvey Fe Cn Genes Electronic Technician: 
c 


Able Eodied aman/Mechanic 


Data Processing Branch 
Processing/Verification Spec. 
Tata Archives Branch 
ecretary/Records Clerk 
Chart Planning Branch 
Supervisory Cartographer 
Chart Planner 
oe Branch 
Senior Cartographer 

Ze Ga Geog Eapheh sus 
Phctographic Specialist 
pe emg en ee A A fi a 


Starting a hydrographic service with only kEasic 
equipment and a relatively small vessel is advisable. The 
basic equipment could consist of sextants and theodclites, 
these being the minimum needed to obtain a position fix. 
The limiting factor with either method is visual line of 
Sight, which itself is a function of the height of the land, 
the visual range capakility of a particular observer and 
time of day. The twc main advantages of such simple 
surveying methods are that training in use of the equifrent 
is brief and the costs involved in procurement are signifi- 
cantiy lower than electronic position-fixing equipment. 
However, it 1S approrriate to note that not all kinds of 


electronic position-fixing equipment are cost prohibitive. 
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In fact, most nations today do rely on some form of elec- 
tronic ranging capability, especially range/range microwave 
systems (3 to 10 GHZ) within line-of-sight and mediun- 
frequency systems (1 to 5 MHz) capable of extended over-the- 
horizecn fositioning. The use of an electronic 
position-fixing syster allows for a reduction in the number 
of people which would be required when using a visual 
position-fixing system. The related maintenance support 
needed to keep the electronic equipment functioning properly 
would require additional electronic technician expertise 
available on site. The appropriate balance would be deter- 
mined by the Director with input from the Marine Specialist 
and ultimately would depend on available personnel support 
versus funding capability.® There are numerous tradecffs 
which have to be considered when formulating the survey 
field party. Decisicns in this regard will need to ke made 
by the Director and the planning staff after all the alter- 
hatives have been investigated. 

The determination of a particular type of hydro- 
graphic survey vessel depends on whether the vessel is to be 
engaged predominantly in basic charting activities or 
oceanographic research. Furthermore, basic charting activi- 
ties can vary; this has a direct impact on the type and size 
of vessel required. A ship would be needed in deep ccean 
areas or areas well offshore, whereas a launch would be most 
adequate and likely mcre responsive for the majority of data 
acquisition in nearshore locations. The smaller boats would 
have the capacity to survey in shoal areas due to shallow 
draft and in locations inside harbors where maneuvering and 
surveying alongside a wharf or amongst anchorage buoys could 


prove hazardous and difficult for a larger vessel. 


—————— eS 


_ ele el SOUPS Se pecs ae of electronic position-fixing 
equipment available see Ref. 2 
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Vessel determinations will allow the planners to 
choose a vessel having the required capabilities in size, 
range, endurance and speed. Dyde and Uhlig [Ref. 25, p. 
92-93] offer some guidelines in attempting to arrive at tke 
appropriate capability of a vessel. They recommend trans- 
lating a customer's data requirement into a specific hydro- 
graphic or oceanograrhic task and then approximating this 
task to a corresponding number of operating surveying years 
or other appropriate unit of time. Their presentation iden- 
tifies four physical parameters which have special impor- 
tance in deciding on the type and size of vessel required, 
including prevailing weather and sea conditions, availatle 
Manpower and associated experience, available shore support, 
and the size of the operational area. They also stress that 
the interdependence cf several of these factors could cause 
conflicting requirements. For example, a larcse operating 
area and heavy seas over an extended period would imply a 
larger vessel, but a large area with limited shore supfort 
might yield greater survey effectiveness with a smaller 
vessel.19° Analysis of all factors enables one to judge the 
cost-effectiveness of the proposal and the associated vessel 
required to perform the necessary functions. 

There will be situations where those charged 
with setting up the organization will find it more advanta- 
geous to go with a larger vessel. For example, the Navy of 
a particular nation might have a vessel which could he 
outfitted for hydrographic work with minimal cost ourtlayouen 
priorities might dictate that a larger vessel be employed. 
In cases where a larger vessel is to be used, personnel and 
equipment would have to be increased with accompanying 


increases in overall maintenance expenditures. 


=| SS eee ee eS ee ee eee 


10For a. detailed description as to how these physical 
pee e nS interact and specific. recommendations nade for 
different situations, a £urther investigation Of pp.) 3. 
in Ref. 25 is advised. 
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The individual specifics for the case of a 
larger vessel will not be developed in-depth, but a study 
performed by the NOS Planning Staff entitled "Analysis of CY 
1983 Hydrographic Survey Projects" points out basic differ- 
ences in the three tyres of capabilities presently in use by 
NOS. For ease in presentation of comparisons on an order of 
magnitude basis of the highly detailed NOS Planning Staff 
Feport, West Coast and East Coast operations for each type 
of operating unit have been averaged with one value for each 
type listed (Table VII).11! Items pertinent to this NOS anal- 
ysis are listed helow: 

Class II ships carry four automated hydrographic survey 
iaunches, four open boats, and 68 personnel. 


Class III ships carry two automated survey launches, 
two or three open fEcats, and 36 personnel. 


Piet pate field parties in this study consisted of a 
mine, two Small Ecats, an, office traiier, two to 
three vehicles, and five to seven employees. 


Operating expenses (salaries, personnel hkenefits, fuel, 
repairs, Sunn te Ss Chew edie cdepEeciation Of Capital 
equipment illustrate a cost index based on the opera- 
tion of field units on a daily basis. 


The cost for ships was computed based on a 5-year 
average (1978 to 1$6&2). 


The costs used in the es CO derive averages were 
actual expenditures and not adjusted for inflation. 


Cost values represent a "cost index" used in making 
comparisons between the different Spee noe QeaLes, dana 
ao NOt Lepresent actual costs in 19383 dollars. these 


cost index values represent an average cost over 
several years. 


Survey equipment requirements will vary 
depending on the needs of both an individual country and the 
particular survey involved. Certain types of equipment are 
considered standard for a minimum hydrographic service and 


should be carried aboard the survey vessel (Table VIII). 


11The data listed in Table VI 
extracted from Attachment I of th 


pp- 8-9}. 


PIcmiTt Orla tlon 


ica 
analysis [{Ref. 22, 


eon 
e NOS 


69 


TABLE VIi 
Summary of NOS Cost Estimates 


Yearly Costs ($1,009) 











whs 
1D 
Inj 


rating Operating Deprec. Total Sea Cost 
lca Casis Days 5ea Day 
Class en 2554 Dae Demy | 191 | 14.8 
aL 
€lass IT 1401 186 1588 | 194 8.2 
_ ship | | | | 
"yete1a | | | | | 
Field | 228 AZ 239 DS. 130 
Party | | 


ps a aR a RY RRR (ot Cs ec a 
fo) 
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| 
| 


a 





br. Estimaticn of Space Requirements 


Space reguirements have been developed which 
conform to the proposed minimum organization already speci- 
fied (Table IX). Note that these requirements represent 
neither berthing facilities which must be made available nor 
storage facilities necessary for the field equipment. Such 
factors will have to Fe considered on an individual basis 
depending on the vessel used and amount of field equipment 
to be housed in storage. In addition, chart printing 
capacity has not been included since this capability will 
come later after the organization has been operational for a 


period of time. 


De. AUITCMATED HYDROGRAPHIC SURVEYING OPTIONS 


If all the survey work is initially to be done in 
harbors, channels, or other areasS within optical line-cf- 
Sight from shore as the primary organizational objective, 


choices are avaiiable in allocation of funds. Strictly 
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TABLE Vill 


Basic Equipment Required For Survey 


| 
ote Launch 
Workboats_. 
Electronic Position-Fixing Systen 
Electronic [Tistance Measuring Instrument 
Sextants 
c-AbtmerEOrract Ors 
Cdyssey Protractors 
Theodolites 
Levels and Level Rods 
| Tide Gages 
| melcr OfoOundeCE wand Bart Check eeetatys 
} Automatic Data Recording Equipment or Sounding Volumes 
oun Sra roe Kk 
Lead Line 
Towed Dual-Channel Side Scan Sonar Systen 
Bottom Sampler 
Portable Radio Communication Equipment 
| 


Supplementary Equipment and Supplies 


eee ae Material 
PDO 310) EqQuipment 
_ Winch Device 
Wire Sweeping Gear 
Meter Bar 
Stal Gie ede 
ee ata) a e 
Survey Lights 
survey Tapes 
Seataonpisk S 
Shovels 
Cement - 
Other Miscellaneous Field Equipment 
Full Compliment of Necessary Standardized Forms 
Tape, Paper, Related SPE 2 Wea pencils, etc.) 
DEeartumgeand P 


otting Instruments 
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Manual methods such as three-point sextant fixes or azinmuth/ 
azimuth positioning with a theodolite could be used. Either 
of the two modes are rreferred if funds needed to purchase 
electronic positioning equipment are in short supply, if the 
geometry of the area is satisfactory, and if manpower 
Capacity is available to support such operations. A full 


crew compliment is essential at all times when performing a 
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TABLE IX 


Space Estimates 


All areas are ft? 


Direcuex 
Division Head 
Division Head 
Secretary/Records Clerk 


KHOU 
Oooo 
Oooo 


Miscellaneous 

Hy Cae alee Division 

art Eee a Branch 
Cartographic Work Area 
Bieee eae Work Area 
Photographic Work Area 
Admins Files/Tech. Records 
Conference Roon 
Rest Recms (2) 


ae 
NMS NWO LN 


COOOOOOoOO 
COO OOOSCOO 


5uU00 £te Totaw 


ED ey CY CI eI SIE GREE? Og eye SS eal a) GORE | ea 
C= SS et ete ee gee ee ee Ce gee ee et) ED ee ee ee Coe oan aoawen amend mal 


survey that utilizes visual positioning. In contrast, if 
funds are readily available and manpower happens to ke the 
limiting factor, it would be advantageous to utilize some 
degree of automation in securing position fixes. The reason 
is that any degree of automaticn requires less personnel in 
survey data acquisition. However, in situations of equip- 
ment failure with this scenario it must be assured that 
expedient repair could be accomplished so as not to indefi- 
hitely hamper survey cperations. 

There are situations which could dictate some degree of 
automaticn regarding data acquisition, data processing, or 
data dissemination even in initial stages of agency forma- 
tion. The Australian experience is an excellent example of 
such a Situation. The Royal Australian Navy Hydrographic 
Service concedes that its size in relation to its large area 


of responsibility has placed a strain on the traditicnal 
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methcds of data acquisition and processing. Lacking the 
Capacity to absorb large expenditures in research, the 
Australians have utilized the present technology of system 
suppliers and have emtarked on a program of practical 
automaticn. 

With a shortage of manpower, nations with charting 
reguirements covering very large areas have a definite 
problem. Systems are available which interface depth and 
electronic position fixes, both correlated with time. 
Together with supplemental inputs (i.e., tide correctors) on 
an appropriate medium such as magnetic or paper tape, depth 
and position can be fully integrated on-board in real time 
and electronically plotted. Further sophistication can 
achieve sounding schemes based on a system of parallel 
straight lines rather than arcs about some electronic 
ranging system signal. The most recent technologies allow 
for information to be programmed ina way so that if a 
particular sounding falls outside certain range limits kased 
on previous soundings, it would be rejected as bad data. 
Likewise, electronic fosition fixes can be similarly 
programmed whereby given a starting grid position, speed, 
direction, and preset time interval between fixes, a 
computer can determine if a particular position fix based on 
range rates is indeed accurate or if the fosition needs to 
be discarded. Depth cr position information can be 
programmed to average a particular number of readings to 
yield one value which can then be recorded. Computer 
smoothing of the depth and position data is also possible. 

Automation is alsc used in both field data processing 
and subsequent office data processing, although the frotlem 
of logging potentially bad data has not been totally 
resolved. 

Regardless as to what degree of automation is used, 


certain conditions are apparent when automation is involved. 
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User employees need to have a reasonable amount of experi- 
ence in computer programming and computer operations. ‘ore 
expertise must be available in electronic maintenance and 
repair; thus one full-time electronic technician prorosed 
previously when automation wasn't considered would probably 
be insufficient if automation were to be utilized. 

Any decisions to employ ccmputer-assisted techniques in 
hydrograrhy must be carefully considered. The personnel 
involved in the planning of such systems must take into 
account user satisfaction, user acceptance and system reli- 
ability. There are many questions which must be posed after 
the decision has been made to utilize a shipboard automated 
system. Selection of the appropriate system will depend on 
the answers to these guestions. Weeks [Ref. 26, pp. 30-37] 
has developed an excellent set of questions that any 
prospective user should pose to a manufacturer before final 
selection of the shiptoard automated system is made. A 


partial listing of Weeks' questions deemed critical follows: 


General 


Are soundings drawn online or offline? 


What are the limits of speed and scale at which the 
system can be used? 


What are _ personnel requirements, specifying both number 
and ¢kill level? 


What outputs are prcvided by the systen? 
What is the recommended method of maintenance? 
What is the language of operation and maintenance? 


What warranty is prcevided and what is the cost? 
Hardware 


What type of computer is used? 


How much memory iS supplied and how much memory can the 
computer accept? 


What are the standard peripherals? 


What is the power ccnsumption? 
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Is protection against shock and vibration provided 
andyor necessary? 


software 


What programming language is used? 
What operating system is used? 


What provision is made for the user to modify the 
preograms? 


How many decimal digits of accuracy are provided? 

What high level ee ee are available for _ user 

programming with and without additional hardware? 

Positicn Processing 

How Many poSition inputs can be processed sinultane- 

pee moot hLng or filtering can be applied to the raw 
ata? 

When data is smootked is the raw data recorded? 

What is the procedure for correlating positions and 

other data, and for correcting any time delays between 

measurement and acceptance by the computer? 


Do fosition computations use spheroidal, spherical, or 
plane geometry? 


What projections are acceptakle? © 


Is any indication given to helmsman of distance along 
misa CK ¢ 


What assistance ama ced in maintaining whole lane 
count of 2-MHZ positioning systems? 


Can errors in. positioning inputs or in eee era data he 
corrected online? Can they be corrected offline? 


Ef €00 depths per minute are available from the sounder, 
how many are processed or recorded aS maximum, average, 
and mininun? 

Is depth selection performed online or offline? 

What is the method used for rejecting false echoes? 
What method is used to select soundings? 

How are tide correctors applied? 


What provision is made for correcting depth sounder 
CELOES : 
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Is there any provisicn to correct for the vertical 
motion of the vessel? 


Chiidr@ Eueral ac rom 
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What are the limits of chart size, chart scale, and 
Ghakt Onlentatton, 


What annotation is frovided? 
Can points or lines be preplotted by their coordinates? 
What size figures are used to plot soundings? 


What is the location of a sounding shown by a grour of 
Gi divs 


How are decimal values shown? 

What mé€ans are provided to correct for distortion of the 
plectter paper? 

Accuracy 

What means are provided to relate the final chart to the 
raw data, so that soundings may be checked? 

What is the accuracy in computing an xy posrtien 

How has manufacturer determined accuracies--are they 
based on theoretical considerations or actual field 

Ge rads « 

What accuracy of derth selection iS warranted by the 


Manufacturer with réspect to frequency of bad soundings 
and standard deviation of the reflaining soundings? 


Additicnal Features 
What 1s the procedure to be followed to delete, amend, 


or insert soundings on the output tapes? 


What features will help to detect or prevent operator 
error? 


Waceece eure S provide greater convenience for the oper- 
ator? 


ee are the means for checking correct hardware opera- 
10n? 


By obtaining answers to these questions, a carefullv 
calculated decision can then be made as to which systen 
would be most appropriate under a given set of 


circumstances. 


76 


E. HYDRCGRAPHIC AGENCY BUDGET ESTIMATES 


Very specific criteria need to be set to before forru- 
Mating am OLganizaticnal budget. In the organization 
proposed in this thesis, the key elements affecting all cecst 
outlays are based on the following: 

Initially, there will be 23 employees in the 
SEGganization. 

All survey operations and related field work will be 
accomplished with one 29-foot launch ard two smaller 
workboats. The survey launch used in this analysis is 
an aluminum hull Jensen. The workboats consist cf one 
16-foot Boston Whaler and one 17-foot Monark. The 
Whaler will be a field operations Support boat used to 
tend tide gages and make beach landings when necessary. 
It performs better in areas of sea action or open ocean. 
Conversely, the Monark offers a stable platform and will 
be used as a hydrographic workboat for data acquisition 
in harkor areas where space or depth limitations would 
discourage use of the deeper draft Jensen launch. 

There will be only one hydrographic field party 
availarle to perform surveys. 

The survey launch will be both covered and large 
enough to accommodate any electronic equipment which 
Migntsdemon board. 

If the agency sees a need for a larger survey 
vessel, it would take anywhere from 2 to 4 years to 
acquire and outfit. All equipment, personnel, and main- 
tenance costs would then need to be adjusted. 
Appropriate vessel size is something the agency planners 
need to evaluate carefully. 

Photographic requirements generating color proofs, 
File negatives, and reproduction negatives should 


utilize the most up-to-date technology. This technology 


ay 


includes the new daylight working-tyvve film which needs 
a 1000-watt quartz light and requires only subdued 
lighting in the phctographic area. Such film has a 
lower silver content and therefore lower costs per roll. 
A processor is needed which is capable of handling the 
appropriate sized negatives used to make the nautical 
Chart. Additional fhotographic equipment includes a 
film cutter, shop mticroscope and densitometer, manual 
punch for registration of material, a vertical camera, 
and a vacuum frame with pump and exposing light. It is 
suagested that rub-ons be used to generate color proofs 
reguired in quality control since this process is by far 
the cheaper alternative. 

Silver recovery of discarded negatives should Le 
practiced at all times to reduce costs. 

To ascertain what eStimated costs would be incurred in 
setting up the hydrographic organization, it is first neces- 
sary to itemize the personnel and equipment needed in the 
first 3 years of agency formation (Tables X, XI and XII): 

Tt is clear that the hydrographic field party has the 
lowest daily costs (see Table VII), and combined with the 
data using actuai 1984 costs (Table IV) illustrates that in 
most Situations a hydrographic field party would be the 
preferred mode for survey operations. These data also show 
that launch hydrography is the most practical when financial 
constraints weigh heavily in decisions regarding survey 
operations. Previous discusSion pointed out that launch 
hydrography requires the least amount of personnel which is 
another key factor in determining the survey mode most 
applicable to a country's Situation. For these reasons, all 
budgetary estimates to follow will consider the launch- 
ecuipped field party as the means by which operational costs 
have been determined. For a scenario utilizing a larger 


vessel, it will be easy to extract the necessary values and 
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Photocopy Machine 
2 The director shculd be hired immediately. 


EE 
| TABLE X | 
| Year One-—-Personnel and Equipment | 
| 
Hetosonnel Haired Equipment Purchased ! 
1 Directori  —_. 1 26-ft Jensen Launch w/ 
| 1 Budget Specialist hull-mounted transducer | 
imeiarine Specialist 1 Office Trailer | 
1 Super. Hydrographer 1 16-£t Boston Whaler | 
1 PED er Cartographer lie ecelonda rk. with | 

1 Tides Specialis hulil-mounted transducer 

1 Secretary 1 Short Range Electronic 
. . Peore LOnr ny pea ven | 
Office Equipment 1 Level §& Level Ro 
: 1 Automobile | 
Desks & Chairs 6 Sextants | 
Filing Cabinets 2 Theodolites | 
| Crafting Tables 4 Radios 
| Drafting Equipment 4 Bubbler/ADR Tide Gases 
Misc. Supplies 2 Handheld Calculators | 


. 
| 
; 


perform proper substitutions to obtain the appropriate 
costs. 

A summary of costs which would be incurred by the agency 
in start-up (Table XIII) assumes the purchase of one 29-fcot 
Jensen survey launch, one 16-foot Boston Whaler, and one 
17-foot Monark for survey operations. A substitute for the 
Jensen launch or any additional vessel appropriation will 


require changes in the proposed budget figures.!? 


12A detailed itemization of costs can be found in 
Appendix B. 
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TABLE XI 


Personnel Hired Guipment Purchased 
Bchowsounder: 
le Echo Sounder 
er EDMI 

Medium Range Elec. 
Positioning System 
4-Wheel Drive Truck 
SOUuUNGd VeLoOci ay ssensou 


isc. Survey Equipment 


E 
Geodesist 1 S USN 
Photogranmnmetrist 1 Porta 
Survey Planner 1 Laser 
Chart Planner 1 
Chief/Sr. Survey Tech 
Sr. Hydrograpres 1 
ors. (Cageogia pics 1 
Electronic Tech M 
ABS/Mechanic 
survey Techs 


Cfifice Equipment 


Desks & Chairs 
Drafting Takles 
[rafting Equipment 
1 Office Safe 


| 
| Year Two--Personnel and Equipment 
| 
| 
2 Flat Files 


| 


| TABLE xIt 


Year Three--Personnel and Equipment 


Personnel Hired Fguipment Purchased 
1 Survey Tech Diving 5 UD erae Equipment 
2 Cartographers 1 Current Meter 


1 Photographre SsEee- 1 Side Scan Sonar Systen 
1 Processing Spec. 


Cffice Equipment 


Desks & Chairs 
Drafting Tables 
Crafting Equipment 
Fersonal Computer 
Phctographic Equipment 
Tarkroom Equipment 
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TABLE XiIIl 
| Supmary of Expenditures 
| (Siig 00) 
i} Year 1 2 5 
| Oper. Costs 242 Ea Lo 
| Cacital “Costs Zo 281 a0 


. 
| 
| 
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748 
20 
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V. TRAINING RECUIREMENTS & TECHNICAL ASSISTANCE 
Hydrography embraces a wide ranging and diverse set of 
scientific disciplines. These include geodesy, photogran- 
metry, hydrographic surveying, nautical science, and cartog- 
raphy. Special knowledge is also required in the following 
areas: Electronic equipment use and methodology; mathemat- 
ical error analysis and measuremert adjustment; management 
expertise and administrative skills; establishment and 
conduction of training programs for lower level employees; 
and strategic planning capabilities. It is unlikely that 


any one person would Ee well-versed in all these topics. 


A. TRAINING 


Upper level employees in the newly established agency 
should be hired as early as is possible without sacrificing 
quality. An in-depth search for these personnel will be 
needed to find those that are highly qualified, especially 
in a field such as hydrography where there is a definite 
lack of available and experienced people in the pool fron 
which to draw. Recruitment could prove extremely 
difficult--possibly the most difficult task the agency right 
ever perform. There should not be any apparent weaknesses 
in abilities when recruiting the positions of Director, 
Marine and Budget Specialists, Survey and Chart Planners, 
and the Supervisory Hydrographer and Cartographer. All need 
to be highly trained specialists in their respective fields 
With a broad background in related areas covering the full 
hydrographic spectrum. They should also be capable of 
extended periods of independent work without supervision and 
have enough knowledge to oversee and participate in in-house 


training programs within each realm of expertise. 
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incre: Thaiming fon tower Level Enployees 


When recruiting lower level employees training 
becomes critical, both immediately after they are hired and 
later on as the organization progresses from its initial 
stages. One cannot expect to train lower level personnel 
with differing expertise and backgrounds within the confines 
of a single training frogram, yet there are some areas that 
all employees should te trained in as a mandatory reguire- 
Ment. A course Spanning approximately 10 weeks in Nautical 
Science similar to the one given to NOAA Corps Officers at 
the Kings Point Merchant Marine Academy falls under this 
category. That course gives all new officers the necessary 
exposure in all aspects related to navigation, seamanship, 
and rules and procedures as they relate to the mariner. A 
course like that one would give all employees a real feel 
for just what the chart product is used for and would illus- 
trate the importance of a product that iS accurate, easy to 
read and understand, and one that clearly portrays the 
nature of the bottom topography. 

All personnel should also have training exposure 
related to practical aspects of survey operations, spanning 
6 to 10 weeks and include a balance between classroom 
instruction, laboratory exercises, and field procedures. 
Finally, they shculd re required to undertake training in 
basic cartographic procedures and principles to improve 
drafting abilities and gain a basic understanding in the 
Emoauetilen Of the primary product, the nautical chart. A 
kasic cartographic course could be condensed into 4 or 6 
weeks for all those not initially hired as cartographers 
with additional training of approximately 6 weeks for the 
required cartographic specialist expertise. 

The total mandatory training time thus required will 


range from 20 to 26 weeks in duration. All three of these 
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initial training courses (Table XIV) hopefully could be 

accomplished within the borders of the individual nation as 
an in-house operation. The Nautical Science training could 
be integrated with the Navy at a Navy facility. The Marine 


Cartographic training could easily be accomplished with only 
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TABLE XIV 
Required Training For Lower Level Personnel 


Nautical Science 
Coastal Navigation and Piloting 
Celestial Navigation 
bhUleS Of sence Road 
Use of Radar and Radar Plotting 
Small Boat Handling 
Ship 25 baodelt ey 
Seamanship 
Nautical per nner ea 
Damage Control and Fire Fighting 
Safety at Sea 
. Llp Se Adve 
Communications and Radio Procedures 
Law of the Sea 


Pieclaesunvey Opera croants 


Horizontal CGontrom 
Importance of the Field Sheet 
Operaticn of Electronic Equipment 
‘ Fositioning Methods 
Operation of Visual Pcsitioning Equipment 
Combined Survey Operations 
Hydrographic Survey Techniques 
Survey Specifications. 
Shoreline Sounding Operations 
Field Edit Procedures 
Corrections to Soundings 
Tides and Water Levels 
tae Opera eLons 
Technical Report Writing 


Cartographic Training 


Chart Compilation Techniques 
Color Separation Technigues 
. Fhoto Lab Puaining 
eaEog Earns Specifications and Procedures 
Computer Digitizing/Plotting of Data” (lid pplicarire 


ee SESE eet Geet eee Ee) SE es ee SS ge ee Scien Go Gem A Gece cacy Gen Ss OD GED se en eds EA TD ES DE ng GA ES OE 


ee ee 


84 


minor revisions to the syllabus at a national cartographic 
training center. The survey experience could begin as socn 
aS the end of Year Two after the launch has freen obtained 
and outfitted for survey operations. If the in-house 
training programs are not possible to coordinate, even these 
basic training courses are taught at numerous locations 
worldwide and could ke accomplished with international coop- 
eration. Ideally all mandatory training programs, irrespec- 
tive of where they are held, should be completed by the end 
of Year Three. 

Depending on the circumstances, there iS a possi- 
bility that the managemert personnel might feel the need to 
include themselves in the mandatory training programs just 
described. Overriding factors might play a role in discour- 
aging this prospect or at least delaying it until circun- 
Stances allow the liberty for these people to be away fror 
production planning and operations for an extended period. 
However, it is important to note that any of the management 
personnel who intend to actively participate in one or more 
of the training programs aS an instructor should conduct a 
thorough review of their particular realm of experience 


BerOwsra the Instruction. 


2. Advanced Training 


Further advanced training will be regquired for each 
of the different areas of expertise; such training cculd 
occur over time and re integrated in such a way as not to 
disrupt work flow to any Significant degree. In time, 
cartographers shculd re trained in advanced geodetic and 
hydrographic surveying principles and technigues. Survey 
technicians and hydrographers should be trained in advanced 
cartographic methods and applications. Likewise, seamen and 
electronic technicians should be further trained in more 


advanced principles of geodesy and surveving. Advanced 
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training would eventually permit total interdependence 
ketween employees in the hydrographic survey party. [It 
would also enable full cross-functioning to occur under all 
circumstances to keef survey work flowing in times of foten- 
tial crisis due to temporary loss of critical personnel. [In 
addition, personnel mobility would be an available cption 
between the two production divisions in times of shifting 
priorities, placing cartographers in the field or surveyors 
in the office when deemed necessary and appropriate. 

Any potential employee picked for advanced training, 
especially if it invclves going akroad, must have the arpro- 
priate educational background to handle the advanced topics 
he or she will be expected to learn. The employee alse must 
have the language skills necessary to comprehend and absorb 
the material being taught at the advanced learning center-- 
otherwise the entire frocess might be a waste of time and 
money. 

Depending on the circumstances, some nations might 
have a further requirement for training in automated tech- 
niques as applied to hydrographic data acquisition and/or 
digitization of cartographic information. Training in avto= 
mated technigues would depend on whether these skills were 
necessary in a particular situation in the country involved. 
These skills would most likely not be needed immediately, 
but with rapidly changing technology and advantages that 
automation offers regarding increased production and 
decreased man-hours, this situation could change. As the 
prices for much of the electronic equipment presently on the 
market continue to decrease, automated capabilities are 
potentially within the financial reach of many nations not 
presently utilizing this technology. A result of any auto- 
mated capability would be the need for increased training in 
computer operations and computer programming for seme cf the 


employees. 
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The IHC, as cne of its functions, will advise any 
Mhation with the name and address of the appropriate national 
contact who will aid in the arrangement of overseas training 
programs, accomplished by mutual consent between the devel- 
PmenaeGolntiyeand the indiyvadual nation conducting a parti- 
cular training program. A list of those nations which 
sponsor major training programs in surveying, mapping, and 
related areas (Table XV) has been extracted from conference 
papers {Ref. 2, pp.90-91] and [Ref. 27, pp. 342-349]. 
Included in this list is supplemental information relevant 
Pommene Particular programs involved--non-availability of 
information is shown ry a hyphen. 

A noteworthy item regards training of personnel in 
the ccuntry establishing the hydrographic program by 
outsiders rather than the country sending their employees 
overseas to a foreign training center. An example of this 
type of program is tke Hydrographic Survey Assistance 
Program (HYSAP) conducted by the U.S. Naval Oceanographic 
Office. The country receiving the training provides survey 
personnel, a survey vessel including fuel and crew, logistic 
support, and work space. The advantages to this approach 
are numerous: 

It 1s easier to find a small number of gualified 
instructors conversant in a farticular language than it is 
to teach a language to those who would attend training 
programs at different locations around the world. 

Training people in an atmosphere and culture familiar 
to them is always more effective and fruitful. This 
includes utilizing the same equipment and vessel that will 
be the tools the trainees will be using after the training 


has ended and hydrcgraphic work has begun. 
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Country Category 
Argentina | Surveyor 
Australia | Surveyor 
AS era al Sur. Asst. 
Australia Surveyor 
aS a Ue 

qecz al ur. Asst. 
Brazil Sur. Assit. 
Ba az i Surveyor 
Canada | Surveyor 
Egypt Surveyor 
Fed. Rep. . |) surveyor 
5 Oe aoa aca Beede 
inlan urveyor 
France Siler oe 
France Sur. ASSt. 
France Surveyor 
Ghana SUC seehiosa. 
Ghana SUL VeYOr 
Hungary Surveyor 
India Surveyor 
India Surveyor 
Israel Surveyor 
Praly Surveyor 
TyOLY Coast See Asst. 
apan urveyor 
Kenva . | Surveyor 
Malaysia Cartog: 
Netherlands] Photogran. 
Netherlands Cart oa 
Nigeria Cat eeq- 
Nobway Car tog. 
eens Surveyor 
Bor ae eoeee 
pain ae beg. 
Sa a Surveyor 
S Diawat sur. Asst. 
S Geena SUE. ASST. 
Sudan |Photogram. 
Switzerland| Photogran. 
Se ee aca Cg. 
urke urveyor 
Pukey | ioe Asst. 
oes ad Eted. 
U.K. Sieve 
iene SUG se noom. 
U.K. | Surveyor 
vera | Surveyor 
U.S.A. surveyor 
Us SeA. | Surveyor 
USSan | SULVEYyOor 
U.S.A. SULVEYOr 


TABLE XV 


Major Training Programs in Surveying and 
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Bas1c 


Bas./Adv. 

Advanced 

Advanced 
Specialist 
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Advanced 
Advanced 
Advanced 
Advanced 
Advanced 
Advanced 


Basic 


Advanced 
Advanced 


Bas1c 


Advanced 
Advanced 


BaS1c 


Advanced 
Advanced 
Advanced 


Bas1c 


Intermed. 


Basic 
Basic 


Advanced 
Advanced 


Basic 


Advanced 


Basic 


Advanced 
Advanced 


BasS1c 


Advanced 


Basic 
Basic 
Basic 


Advanced 


Basic 
Basic 


Advanced 
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Bas./Adv. 


Basic 


Advanced 
Advanced 
Advanced 
Advanced 
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Mapping 
Duration Lanquage 
4 years | Spanish 
1 year | English 
12 weeks | a 
= poet aqeee 
40 weeks | Portugese 
i weeks | 
ear 
Zz Weeks Englvem 
2 years | = 
1 year | German 
3 years | i 
3 years a 
2 vears | French 
1 year | we 
2 years | " 
3 years = 
5 years | = 
ears = 
16 ois | Englisi 
73 Vee HebEed 
65 weeks | Ttalian 
26 weeks | English 
7 months | - 
8-18 mos | Eng7ee 
1 year | . ye. 
3 | ne 
5 years English 
3 years | a 
2 years Spanise 
3 years | NN 
1 year | ee 
2 years | 2 
eee EnG/ fa, 
4 years Ger/sfan 
} year Turkish 
ear 
aoe Russian 
10=24 wks| Engiles 
8-14 wks a 
5 weeks | " 
most+2 yr | ue 
2 years | English 
1 year | ue 
48 weeks | ut 
13 weeks | " 
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The students wceuld feel more comfortable in their 
natural environment and therefore would be more receptive 
to learning. 

The overali training costs and supplemental expendi- 
tures would be decreased dramatically. There would be a 
dramatic decline in travel expenditures, living expenses 
for food and lodging, and in the cost ratio of dollars fer 
Seudent—-ncur of training. 

There will undoubtedly be circumstances unigue to each 
nation. If the training is conducted at home, this unique 
Situation would be recognized and thus could be dealt with 
in an appropriate manner. Examples include use of parti- 
cular equipment items not ordinarily utilized which hapfen 
to ke available reguiring special instruction or the 
unusual aspects of the prospective survey areas which 
might dictate a unigue approach that should be addressed. 
If the trainee were enrolled at a foreign training center, 
the individual attertion required to utilize such special 
equipment would put too great a strain on the time and 
resources of the training program. 

Many ideas and concepts represented by technical 
terminology are likely to be lost due to translation of 
the language if the student was enrolled at a foreign 
training center. Such a situation would not occur to as 
Significant a degree if the training were conducted 
locally. This would be true if the training was performed 
by an individual whe spoke the native tongue or if a 
translator, familiar with hydrographic terminology, was 
responsible for getting these ideas across to the 


students. 
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B. TECHNICAL ASSISTANCE 


When one considers the limited resources of developing 
nations, any attempt to establish a national hydrograpnic 
agency would undoubtedly require some degree of technical 
assistance. There are many types of technical assistance 
available from a wide variety of international and national 
organizations. Assistance can be provided in various forms. 
Advisors are provided when needed to train personnel in the 
developing nations, equipment is supplied to support survey 
operations, and financial aid grants are used to supplement 
agency costs both at the time of agency establishment and 
later con for daily operations. Financial assistance can 
very often make the difference between success and failure 
of any organizational mission. Funds are often needed to 
lure the best and most qualified personnel into permanent 
employment and are equally crucial when monetary shortages 
can lead to a lack of necessary or suitable equipment. A 
Summary of organizations follows, each with a brief descrip- 
tion of its mission and objectives. 

International Hydrographic Organization--Numerous kinds 
of technical assistance are available from the IHO. Its 
mMissicn is to remain in the forefront in acting as the 
source of technical advice and as a coordinating Eody in 
Fromoting establishment or strengthening of hydrografhic 
capabilities upon reguest by recipient countries. The IHO 
will arrange for experts from the International Hydrcgraphic 
Bureau (IHO headquarters in Monaco) or Member States to 
visit developing countries upon request. The experts will 
assess existing facilities and needs, render advice in 
establishing or strengthening hydrographic capabilities, 
including guidance provided for the establishment of a 
hydrographic service, and provide advice in the formulation 


of projects. An inventory 1S maintained of all hydrcgraphic 
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training courses offered worldwide. The IHO encourages and 
follows the development of bilateral arrangements between 
countries with well established hydrographic offices and 
those desiring establishment of hydrographic capabilities, 
and investigates the availability of funding from the inter- 
national community.33 

Intergovernmentai Maritime Consultative Organization-- 
The Intergovernmental Maritime Consultative Organizaticn is 
a specialized agency cf the United Nations (U.N.) with a 
missicn which is solely concerned with maritime affairs. 

The mission objectives include facilitating governmental 
cooperation on technical matters relating to shipping, 
safety at sea, and navigation. 

Intergovernmental Oceanographic Commission--The objec- 
tive of the U.N. Intergovernmental Oceanographic Commission 
is tc fromote research in oceanographic processes, dynamics, 
and resources through governmental interaction. 

Colombo Plan for Cooperative Economic and Social 
Development in Asia and the Pacific--Founded in 1950 by the 
U.N. to promote the development of newly independent Asian 
member countries, the Colombo Plan for Cooperative Econcmic 
and Social Development in ASia and the Pacific presently has 
26 member countries. Colombo Plan aid covers all forms of 
socio-economic development. Capital aid consists of grants 
and loans from six developed countries to the develofping 
member countries of the Plan and technical assistance is 
provided through services of experts and technicians, 
training fellowships, equipment, travel fellowships, and 


funds for conferences, training and research. 


13For a detailed description, see the_International. 
Hydrographic Bureau Special Publication 47 entitled Training 
and Téchnical Assistance in Hydrography. 
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Delegation of the Commission of the European Communities 
in the Pacific--Funds allocated under particular programs of 
the U.N., such as the Delegation of the Commission of the 
European Communities in the Pacific, are used to finance 
projects in areas of technicai cooperation, especially in 
fields of training and technological adaptation or innovda— 
tion. Capital projects related to rural development, indus- 
trialization, energy, mining and tourism, allgot which eau, 
relate to hvdrographic mission reguirements, are also funded 
by the Commission. 

Econcmic and Social Commission for Asia and the 
Pacific-~-The Economic and Social Commission for Asia and the 
Pacific (ESCAP), under the auspices of the U.N., initiates 
and participates in reasures for facilitating concerted 
action for economic and social development. Recent 
hydrographic-related activities include development of ship- 
ping, forts, inland waterways, technology, internatioral 
trade, and natural resources. ESCAP identifies common prob- 
lems among member countries, facilitates international coop- 
eration, allocates funds, provides training, extends 
technical assistance and advisory services, and acts asa 
disseminator of information. 

ESCAP Regional Mineral Resources Development Center--The 
ESCAP Regional Mineral Resources Development Center organi- 
zation objectives include providing technical assistance 
through a group of international specialists on mineral 
exploration and explcitation, an area of vital significance 
addressed by hydrograrhy, in addition to bilateral or multi- 
lateral funding. 

Institute of Marine Resources--Sponsored by the U.N., 
the Institute of Marine Resources carries out research in 
regional marine resources and offers funds to be used in 
training and development of educational programs. When 


fully estarlished, its scope will include topics such as 
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marine geophysics and geology; physical and chemical 
oceanography and related maritime meteorology; ocean, 
coastal and environmental engineering; and marine anid fish- 
eries biolocy. 

Several individual nations also offer various forms of 
technical assistance. The United States, through arrange- 
ment by the U.S. Naval Oceanographic Office and the Defense 
Mapping Agency under the auspices of the HYSAP progran, 
provides on-the-job field survey assistance ina develofing 
country. This includes technical assistance and advice, 
training, technical material, equipment loan, cartographic 
assistance, and liaison assistance. 

New Zealand has been providing technical assistance and 
training in surveying and mapping to Pacific and ASian 
territories for over z5 years. The assistance ranges fron 
Ene establishment of training centers outside New Zealand to 
providing personnel designated to work in the develofing 
country to advance surveying and mapping capabilities. The 
Jatter assistance has declined in recent years Since neces- 
sary skills are increasingly being acguired by local 
personnel. 

The Federal Republic of Germany, in order to meet the 
demand of continued information exchange on technical 
matters Ly top-level fanagers and specialists, initiates the 
organization of workshops of 2 to 3 weeks duration at inter- 
vals of 2 to 4 years. Technical cooperation is also imple- 
mented in the form of technical assistance projects in 
surveying and mapping. These involve pilot projects dealing 
with instrumentation, on-the-job training, and technical 
cooperation in the establishment of educational facilities. 
Countries desiring technical assistance must initiate a 
request directly through the embassy of the Federal Republic 


of Germany in their ccuntry. 
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Manv nations provide international cooperation in hydro- 
graphic surveying, primarily tc promote safe navigation. As 
an example, a hydrographic survey was conducted along the 
Straits of Lombok and Makassar by Indonesian personnel in 
1975 with the Japanese government providing necessary 
expenses for the survey including survey equipment, 
receivers, and some telecommurnication equipment. Smooth 
operation of the sophisticated equipment was accomplished 
with Japan supplying the necessary technicians and the 
training of Indonesian operators. Previous to this, 
Indonesia, Japan, Malaysia, and Singapore conducted the Four 
Nation Joint Surveys of the Malacca and Singapore Straits, 
which lasted from 1968 to early 1975. {Reft. 285° po eesee 
Similar programs have been initiated worldwide through 
international cooperation based on mutual interests of the 


nations involved. 
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VI. SUMMARY AND RECOMMENDATIONS 


meee =OYNOPSIS OF GUIDELINES 


The guidelines outlined in this thesis have been based 
on a wide variety of assumptions. The introduction 
addressed assumpticns regarding agency jurisdiction, 
personnel availability, and geodetic, topographic, and 
printing support capakility. Other assumptions dealt with 
mission and objective priorities. All of these assumptions 
have influenced the cost estimates established to support 
the agency as proposed in these guidelines. 

It was first necessary to investigate the need for accu- 
rate and up-to-date nautical charts by developing naticns. 
After the need was identified, several factors were cited to 
justify hydrographic agency formation. Accuracy 1s pres- 
ently demanded regarding safe navigation, increased maritime 
trade, military considerations, recreational activities, ani 
rising local interests of developing nations. In many cases 
the users associated with these requirements are at fpresent 
dissatisfied. They see a continued need for updated charts 
due to deeper draft vessels, the condition of prior surveys, 
and quality control methods utilized in the past which have 
occasionally led to nautical charts of questionable quality. 

With this as background, the proposed organizational 
purpose, mission, objectives, and primary product were then 
identified. The production of nautical charts to ensure 
safe navigation was shown to be the primary mission, with 
the most immediate objective usually being the recharting of 
ports, harbors, and their approaches. Important aspects of 
the nautical chart were discussed, dealing with the identi- 
fication and portrayal of necessary information and features 


Ceueial to. tne Mariner. 
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The development cf a hydrographic office is a progres- 


Sive process aS Summarized below. 


Overseer of Hydrographic Service 
After examining several factors it was concluded that 
the civilian sector of government as overseer would be the 
most appropriate for those nations not presently having a 


hyde OgGEarhic Cavaswiiey 


Organizational Structure and Function 

The organization has been set up from an action perspec- 
tive. Updated hydrographic surveys and nautical chart revi- 
sions are priorities. The agency design has been formulated 
in an attempt to limit bureaucracy and maximize toth werk 
flow and product output. With the needs as outlined, a 
smali, highly skilled cadre of 23 employees are capable of 
fulfilling the mission in the near term. Personnel will ke 
added later as management deems necessary. 

The functional biccks of the organization follow this 
action orientation. Beginning with chart requirements, 
planning is done to set all criteria regarding alternatives 
in satisfying these requirements, including identification 
of priorities and scheduling. Priority items which reguire 
updated surveys are fcrwarded to the Hydrographic Division. 
Here, survey planners prepare written Project Plans and 
Project Instructions for each survey project. Peripheral 
information is also disseminated to the necessary field 
survey support functicns (1.e., tides, photogrammetry, 
geodesy) as needed. The entire package is then assembled 
by the Hydrographic Planning Branch and forwarded to the 
field party personnel. The survey continues with daily 
checking of data and upon completion of the survey data 
acquisition, office verification and processing of the data 
begins. Disseminaticn again occurs, with tidal and field 


geodetic data sent off for specialized verification. The 
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adjustments are returned to the Data Processing Branch where 
a full guality contrel check is performed. The result 
yields a final smooth sheet of corrected and verified fosi- 
tions and soundings, which is then archived until chart 
Sonpitlation iS to begin. Finally, the printed charts are 


distributed to accomplish the mission of the organizaticn. 


Start-Up Requirements 

After investigation of possible alternatives, this 
thesis identified criteria needed to accomplish the mission 
of the hydrographic office. Although each topic has been 
fully discussed in the text, citation of appropriate tables 
and figures which refresent particular ideas and concepts 
are included below as an aid to easy access of such informa- 
tion. Initial success was shown to be achievable with a 
total of 23 employees with a list of personnel (Table V) and 
accompanying functional breakdown (Table VI); full job 
descriptions for most lower level emplovees are detailed in 
Appendix A. Surveys would be performed with a hydrographic 
field party of six personnel utilizing a launch as the 
appropriate type of survey vessel. Basic equipment and 
Space reguirements are illustrated (Tables VIII and IX, 
respectively) and estimates have been diagrammed showing 
year-round surveying capability (Fig. 4.5) and seasonal 
survey operations (Fig. 4.4) as they relate to overall time 
reguirements. Based cn all the above, start-up scheduling 
has been formulated and identified for the first 3 years of 
agency establishment (Tables X, XI, and XII). A summary of 
estimated expenditures over both the near and intermediate 
terms is given (Table XIII) with a full breakdown of ccsts 


shown in Appendix B. 


Training 
Training was addressed on several levels. Topics 


dealing with initial training of lower level personnel have 
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keen put forth (table XIV), foilowed@by, investigation and 
discussion of advanced training needs over the longer tern. 
Major worldwide training programs covering the full spectrum 
of surveying and mapring have also been identified (Table 
XV). In addition, a full range of national and interna- 
tional technical assistance programs have LFeen outlined, 


each with its own surmaryv of program objectives. 


To get a better feel for what many developing naticns 
see as problems in establishing or expanding hydrographic 
capability, a guestionnaire was mailed to approximately 40 
countries. Fifteen responses were received from around the 
world. Many items were identified, but some were more note- 
worthy Lased on the frequency of occurrence. The greatest 
problem identified was funding. The reasons for increased 
funding demands vary from the high costs associated with the 
purchase of modern survey equipment these nations deem 
necessary, to chart printing and cartographic digitizing 
equipment, to the purchase of new survey vessels needed to 
replace those presently in use but outdated by today's stan- 
dards. Language problems were also commoniv mentioned as an 
obstacle, especially in situations where a nation has sent a 
trainee overseas for advanced schooling. Lack of adequately 
trained and experienced personnel was frequently cited. 
Points expressed as general statements include an over- 
whelming number of responses stating that navigation safety 
is the highest priority objective and that most data acgui- 
Sition and data processing are presently performed using 
Manual processes. Both points were among the assumptions 
made earlier in this fresentation. The 15 nations 
responding represent a global cross section of socio- 
economics, and it is highly likely that similar situations 


exist among most developing nations around the world today. 
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B. RECCMMNENDATIONS 


Existing hydrographic units within developing naticns 
should make a stronger bid for funding support. Survey 
departments in most nations have made cadastral surveying 
the greatest priority, followed by topographic surveying, 
with hydrographic surveying coming a distant third as the 
lowest of priorities. In those nations where basic hydro- 
graphic work is performed by the military it can ke very 
difficult to obtain increased funding for what is fperceived 
aS a non-military expenditure. 

Developing nations should recognize the importance of 
retaining personnel, which increases the experience level of 
the agency and allows recovery of funding for training in 
advanced subjects. Adequate wages must be paid to decrease 
the lure of higher pay afforded by the private sector. 
Developing nations cannot afford to continually hire new 
employees to replace trained ones who have left the organi- 
zation for retter paying jobs. 

It is in the best interests of all developing naticrs 
not presently active in any of the various forums associated 
with hydrography to increase their awareness of present and 
future hydrographic capabilities. In some cases it will 
Simply be a matter of education to show how hydrograrhy 
plays a critical role in economic and social development. 
Every nation should jcin the IHO to gain knowledge and 
benefits from association with members of the internaticnal 
hydrographic community. As already seen, the United Nations 
participates in a wide range of hydrographic related disci- 
plines by means of ccuncils, projects, etc. 

The international community must establish mandatory, 
uniform standards. All charts will not have equivalent 
accuracies when people are trained at different locations 


under varying standards--lower standards inevitably lead to 
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lower guality. Conversely, standards cannot Fe made so high 
initially that they are incapable of being met by a large 
percentage of those nations expected to take on increased 
Surveying and charting requirements in the future. 

Although national authorities need to consider seriously 
the advantages and benefits derived from establishing a 
hydrographic office, there could be cases where such estab- 
lishment would not be the best way to proceed. With a 
limited requirement it might be more advantageous and expe- 


dient to have the necessary survey work done by contract. 
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JOB DESCRIPTIONS OF LOWER LEVEL PERSONNEL 


Senior Cartographer (Nautical)! 
Duties: 


Gbee Applies sound cartographic jue eneRt in the selection, 
Pestrayal, and compilation of data to new charts and new 
Seeerols Using Material which Consists of, or is extracted 
from the following: ana cee and evaluated field reports, 
pepe SE apeic surveys: photogrammetric manuscripts, foreign 
waver edt itng DIrTeectwons, Notice to Mariners, List of 
Tights, Caution Notes, and mniscellaneous information. 


(2) Applies the following cartographic technigues and 
enploys instruments tc compile various types of charts: 


Computes, compares or checks computations for projec- 
tion and grid coordinates. ; 
Measures dimensicns of source material to determine 
scale and selects method of enlargement or reduction to 
scale desired and reconciles geodetic control data as 
accurately as possible in neo controlled areas... 
Selects, gauges and specifies P acement of appropriate 
type (letter sizes, line weight, numbers and colcrs), pat- 
terns and accents for geographic names, note titles, tables, 
and marine and air navigational Zones. 
Pecremee cota s lcd Mbadteimc Ob —sekibing and reproduction 
MsctEvGeElons dna Manuscripts. 
Prepares a complete and accurate chart record of essen- 
tial project recommendations, computations, sources and 
documents utilized and decisions rendered. is 
Recommends new and modified chart plans and specifi- 
cations when necessitated by unpredictable problems 
PGOuECEe (Ommmcw data BeCelved which altect chart 
Reolecn. under way. ; 

refares reports, evaluates and recommends published 
hydrographic data for use as supplementary information to 
mars published by other government agencies. 


(2) EXamines and notes corrections and additions on drafted 
or scribed originals and reproduction proofs to assure 

BecuL acy s gueguecy and completeness. Onde tock i Wal ciee Kk 
on the iatest nautical information received, Soe BN Oi Ce =O 
Mariners, List of Lights, Chart Standards. Cer ifies oT 
Chart record that such examination and investigation has 
rFeen made prior to release of drafted or scribéd originals 
ama ECprOdUuction proofs. 


(4), On a_ project basis is assigned special studies and pro- 
vides guidance and supervision to lower grade cartographers. 


a eee ee ee eee ee ee 


IDescriptior from Defense eed dee pieeac eae Cs 
BopoOcedvnutesceiter, —1eld Offices Department, Providence 
Office, Hydrographic Livision, West Warwick, Phode Island 
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Cartographer (Nautical) 2 
Duties: 


(1). Applies sound Ca BOd ee bag ae rea in the a ae 
cation, portrayal and compilation of data to new charts 

and new editions See Material whiche GonsSistsS ©2, Of sl 
extracted from the fcllowing: analyzed and evaluated field 
reports, hydrographic survevs, photogrammetric manuscrirts, 
foreign charts, Sailin Directions, otice to Mariners, List 
of Lights, Cautions Nctes, and miscellaneous information. 


(2). Applies the following cartographic technigues and 
employs instruments tc compile various types of charts: 


Con eee or checks computations for projections and 
Lid Coordinates. 

easures dimensions of source material to determine 
scale and selects method of enlargement or reduction to 
scale desired and reconciles geodetic control davaea. 
accurately as pcessible in Booey controlled areas Jy 
Selects, gauges and specifies acement of appropriate 
type (letter sizes, line weight, numbers and colors), pat- 
terns and accents for geographic names, notes, tities, 
tables and marine and air navigational Zones. 
Frepares detailed drafting or Scribing and reprcduction 
instructions and manuscripts. 

Prepares a complete and accurate chart record of esséen- 
tial project recommendations, computations, sources and 
documents utilized and decisions rendered. 


(3) Examines and notes corrections and additions on drafted 
or Scribed Ofiginats and reproduce ren peoarte to assure 
accuracy, adequacy, clarity and complete conformity. (¢e75 
GuCt oma final chec _cn the latest nautical inrormation 
received, Si ene Notice to Manreners? 1 simor EEOEuE Se Chalee 
Standards. Certifies in chart record that such examina gien 
and investigation has been made prior to release of drafted 
or scribed originals and reproduction proofs. 


a ee ee ee ee ee ee eee ee ee 


<Description from Defense dae Rene EY re aD ae 
eee as Center, Field Offices Départment rovidenee 
Office, Hydrographic Division, West Warwick, Rhode Island 
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Chief Survey Technician? 
Responsitilities: 
{0 Maintain Seg tiee levels of performance ,.of survey 
epartment personfiel in supporting and carrying out the 
survey operations of the vessel. 


e} ; eee Soa Maintenance, storage, and use of survev 
rela 


ed €quipment and instruments. 


(3) Maintenance of an adequate and accurate inventory of 
Survey instruments, equipment, and supplies. 


(4) Efficient processing of survey data. 

(5) Cleanliness and crder of all survey working and storage 
areas including plotting room, oceanographic laboratories, 
offices, etc. 


(6) Maintenance of complete and current technical library. 


Cuties: 


(1) Serve as technical assistant and advisor to Survey 
Planner in survey planning and operations. 


(2) Flan and direct the activities of survey department 
personnel, making work assignments and schedules, and 
assuring performance cf assigned duties. 


3) Coordinate and supervise field processing of survey 
ata and samples. 


(4) Personally perform more complex and difficult tech- 
hical work in connection with survey operations. 


(5) Maintain records of field equipment calibrations and, 
where possible, correct instrument deficiencies. 


(6) Prepare reports and other paper work as required. 


Womeeayeoc required to act as “officer in charge" of a 
party engaged in survey or survey support activities. 


3Description from National Ocean Service, Pacific Marine 
Center, Seattle, Washington 


10 


Senior Survey Technician®% 
Duties: 
(1) All duties listed for position of SWrvey Tecurmer. 
(2) Provide primary review of field reduction of all 
survey data and samples, and provides technical competence 
in spécial projects cr problems. 


(3) Act as "officer in charge" of a party engaged in 
Survey or survey supfert activities. 


(4) Stand watches as required. 


(5) Perform missicn-related duties as assigned. 


‘Description from National Ocean Service, Pacific Marine 
Center, Seattle, Washington 
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Survey Technicians 


Duties: 


(1) 


Serve on a launch or field party, engaged _in survey 


Or survey support operations, rerforming normally the 
S 


ZOLLOwWiLng ta 


(2) 
(3) 
(4) 
(5) 
(6) 


S% 


Cperate all hydregraphic pe equipment, including 
sounding, navigation, automated data acquisition, and 
other associated equipment. 

Carry out bottom sampling Bae be Cog re Pie: and other 
discrete oceanographic and sampling operations. 
Observe, record, and reduce geodetic observations. 

Set and describe geodetic marks. 

Perform field phctogrammetric operations. 

Install and service tide gages. . . 
Monitor ail underwav data gene Ese systems including 
echo sounder, gravity meter, magnetométer, etc. | 
Document, process, and preserve water, botton, Praleg— 
ical, etc. sampies. . 

Make minor repairs to survey equipment and instruments. 
Field process all survey data, including computer pro- 
cessing of hydrographic data. 


Crder and inventcry supplies. 

Train as surveyor in charge of hydrographic launch. 
May be required to handle mooring lines. 

Stand watches as required. 


Perform other mission oriented duties as required. 


SDescription from National Ocean Service, Pacific Marine 
Center, Seattle, Fashington 
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Assistant Survey Technician® 
Duties: 


Serve on a launch or field party_engaged in survey or 
survey support operations as fcllows: 


Cbhserve electronic positioning and sounding readings. 
Record hydrograpnre data. a 

Crserve Sextant angles and Bees sextant positions. | 
Observe levels ana observe distances using electronic 
devices. : 

Recover geodetic Conteol stdttouscem 
fae process field data a DG ee data reduction 
Record horizontal Control and level data. 

Euaked SY ae Signals. 

Perform technicai drawing as required. 

Cperate skiffs_as required. 
Assist in the cere mene mere recovery of oceanographic, 
survey, and sampling equipment and instruments and monitoz 
resultant data Ccollectron: 
Train in the use and operation of oceanographic equip— 
ment ard horizontal control and leveling instruments. 
Systematically annotate, file, and care for field 
records and samples... : 

May be required to assist in handling of mooring_lines. 
Monitors all underway data gathering systems including 
eche sounder, gravity _ meter, magnetometer, etc. 
Document, process, and preserve water, botton, etea 
samples as required. 

Assist in the instailation of tide gages. 

Train in field operation of automated hyirocraphrteeiera. 
acquisition systems and field photogrammetric operations. 
Service tide gagqcés. 

Stand all required watches. 

Perform other mission related duties as assigned. 


TT ee ee ee ee ee 


6Description from National Ocean Service, Pacific Marine 
Center, Seattle, Washington 
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Electronics Technician? 
Duties: 


(1) Perform preventive and corrective maintenance on all 
the various types of electronic equipment and systems used 
by the ad Say: The equipment and systems may include--but 
meee not Linmered to--data acquisition and processing. 
systems, eae © Nav 1 Oa OlmcyceCnS, (OCean OgiLapnic instru 
ments, and test equipment. 


(2). Provide technical briefs concerning the status of 
assignments to his/her designated technical supervisor. 
These briefs may include, but are not limited to: opera- 
tional condition of equipment; adequacy of spare parts 
pepe BLOX TY: and need for procedural changes, equipment 
modifications and cther changes to improve electronic 
support to the agency. 


(3 Initiate requisition of electronic supplies, parts, 
and repair services. 


(4) Conduct inspecticn and acceptance tests to insure 
adherence to specifications. 


(5). Acccmplish installation and removal of electronic 
equippent. ; 


(6) Poppe a Oe Ce ee ne and radio-teletype eguirment in 
accordance with docusgzented procedures. 


TDescription from National Ocean Service, Pacific Marine 
Center, Seattle, Washington 
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2S eee ee ee oe = 


ESILMALTED GOST OUTEAY. 


OPERATIONAL COSTS—=— TEAR CONE 


First Time Costs 


Salaries? 
DITECEOLE 
Budget Specialist 
Marine Specialist 
Supervisory Hydrographer 
Supervisory Cartographer 
Tides Specialist 


SecretaryyRecords Clerk 


Salaries Subtotal 

Cvertine 

TIravel3 (includes training) 
Operational Expenditures 


Materials & Supplies 


™ 
M 
Q 
or 
ry 
tr 
pe 
pom 
1Q 
IN 
1O 
In 
ict 
In 
(+f 
IF 
10 
13 
YW 
rH 
1D 
}2 
lO 
I< 
ln 
jr 
lo 
| 
In 


2) eee op oe se ee eee ee ee ee ee 


1A1l1 costs are in 1984 U.S. Dollars. 


$42,000 
30,009 
30,000 
35,090 
35,000 
30,000 
Tones 


ZN oe 
0 
10,000 
10,000 
DS Cee 


242,000 


$242,000 


@Salaries_ are based on U.S. standards. A scaling factor 


would need to be applied to compensate for 


possible differ- 


ences in salary between the U.S. and other nations. 


STravel includes mandatory training costs for lower level 


employees incurred during first three years. 


Beginning in 


the fcurth year, it will’ no longer reflect training costs. 
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Ween A TL LONAE COST S-~YEAR TWO4 


Salaries 
Geodesist 530-000 
Photograrmetrist B07 0:00 
Survey Planher 39,900 
Chart Planner 300.) 0 
SE. Hy dregqrapher 207-000 
Sr. Cartocorapher Bi, 000 
Chief/Sr. Survey Tech. 00 C 
2 Survey Techs od ¢ 21,000 208 
Electronic Technician 217000 
ABS/Mechanic V7 590 
Salaries Subtctal Bem s 00 
Overtime 8,000 
Travel (includes training) bo7,00C 
Operational Expenditures 105000 
Materials & Supplies 0 
First Time Costs Subtotal 368,500 
Recurring Costs From Previous Year 242,009 
eee ALLONAL COSTS=—-YEAR THO Deng 5. 0 


Expenditures itemized in Year One costs are assumed to 
remain constant through Year Two. Therefore, these 
BeGurring COsts abe shown in the Year Two costs as a 
single line entry. 


oO? 


OPBRATICNAL COST S=— 1 CA he ante pe 


Salaries 
Asst. Survey Technician $17,000 
2 Cartographers @ § 25,009 507000 
Photografhic Specialist 25,000 
Processing Specialist 30,000 

Salaries Subtctal 122,509 

Cvertime 27000 

Travel (includes training) 5,000 

Operational Expenditures 1O7008 

(survey costs, launch ops.) 

Materials, Supplies 2500 
First Time Costs Subtotal 142,000 
Recurring Costs From Previous Year ~610,5990 

OPERATICNAL COSTS——Y PAn a2 Hie TP OZ p Oe 


SExpenditures itemized in Year One and Year Two costs are 

assumed to remain constant through Year Three. Therefore, 
these recurring costs are Shown in) the fear Tape cos tesa. 
a single line entry. 


Peer tONA DD "GOSTS--YEAR FOUR 


First Tine Costs 
Salaries ¢ 0 
Overtime 0 
Travel® (as 5) 0) 
Cperational Expenditures 14,300 
Materials §& Supplies #,590 
First Time Costs Subtotal (-4, 700) 
Recurring Costs From Previous Year pia, 500 
$747,800 


OPtRATICNAL COSTS--YEAR FOUR 


SAdvanced training costs are not allotted for the fourth 
year or_ thereafter. When this training is deemed necessary 
cost allocation will then need to be considered and will 
depend on the availability of outside sources of funding. 
The Lulk of travel ccsts in Year Four and beyond are for 


per dien. 


CPERAITICNAL COS#S3—-V shes ie. 
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Salaries? 
Overtime 
Travel f 


Operational Expenditures® 


Materials and Supplies 





625,000 
10,000 
26,20 
44,390 
12,008 


$747,800 


7Adjustments might be necessary as listed salary costs do 
not”- include an amount for yearly increases or promotions. 


8Operational expenditures taken from Table IV after. 
adjusting for salaries, travel, and materials/supplies 


which have been itemized separately above. 


Soho eNT COSTIS=—-YEAR ONE 


faeld  fquupnent 


1 Survey Launch? $150,000 
2 Workboats w/ Motors 7500.0 
1 Office Trailer 12-000 
fonort—Range Electronic Ge OO 
Positioning System 
1 Level &§ Level Rod 200 
1 Station Wagon 10,000 
6 Sextants 2.500 
2 Theodolites 12,000 
4 Radios 8,000 
4 Bubbler/ADRK Tide Gages a 000 
2 Programmable Handheld Calculators 500 


Desks & Chairs eu 30 
Drafting Tables le 0 0 
Light Table e700 
Phatting EqQuarment oO 
Miscellaneous Supplies 57 U0 
ero noe cou PENT COSTIS=-YEAR ONE po OU 


S9Approximate price includes hull ae For fully equipped 
electronic vessel, which would include navigation and posi- 
eee ag Sau Dae oe and full compliment of computer SE eee 
then additional costs of approximately $100,000 would be 
mmicurted. Thrs would mean an adjustment to the capital 
budget would be necessary, subtracting duplicated items. 


CAPITAL EQUIPMENT COo1S 72 oe ae 


Field Equipment 
1 Survey Echo Sounder 3237000 
1 Portable Echo Sounder Bigs O80 
1 Laser EDMI (15 mile rance) 17, 500 
1 Medium-Range Electronic 200,000 


Positioning Systen 


(Two Range Systen) 


1 4-Wheel Drive Truck 125-000 
1 Sound Velocity Sensor 4,500 
Miscellaneous Survey Equipment 8,000 


Office Equipment 


Desks & Chairs 4,000 
Drafting Tables 25 O00 
light Table 1,700 
Prafting Equifment 1, 000 
Office Safe 750 
3 Flat Files (5 drawers ea) 830 
Miscellaneous Supplies 37,000 
CAPLTAL EQUIPMENT COSTS——-YEAR Poo SZ2807 760 


Owe LarereumeieNt COSIS--YEAR TEREE 


[ede ee men t 


Diving Support Equipment 4,000 
1 Side Scan Sonar System Bp, 0 o0 
Current Meter 6,500 


Office Equipment 


Desks § Chairs pee ©) 
Drafting Tables et 
Drafting Equipment 27,09 0 
Personal Computer w/Printer By OC 
PhotographicyDarkroom Equip.?9 47,400 
eve a LOUTPNENT COSTIS--YEAR TEREE Seno, 200 


YEAR FOUR and beyond 


Cngoing capital equifment costs annually will include 
replacement and new eguipment. Common estimates for the 
life of electronic equipment are 6 to 7 years. Annual 


estimated requirement: %$20,000. 


10Costs represented include a vertical camera, processor, 
vacuum frame with pump and exposing light, manual punch, 
densitometer, shop microscope, film cutter and 2000 Watt 
Beane ) awa t 1) fimer. Not included are reversal film (3358.00 
Soden TOmeet ner 5306.86 Lor 36 in. x 100 £t.) and 
chemicals necessary tc make rub-on color proofs. This 
information was obtained through telephone correspondence 
with Mr. Gene Hack of the Defense pen ee ene 
pine sua eae D Os Lapnre Center, Louisville Field Office, 
Photo Lab Chief. 


is 


We 
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: Pale ah Pena ie Wh ot i OT te ee} e NAN Mi La day, ofr, ae PT { Ca , oa fi 
sho ai tty tii Aaa Sirs | AU Oe 9 bn A, 1 . : é 
Se ai ores Aa Ri a wt ae a ee ~ ei, fe 
toe cae rr Pats ey oe J Cares 4 He bly fo fake! J . aAede ea ren ‘ 
ean SMa Cp Ate) it Ay 
ri pars tert tea Eh a oir Sait PT eh abe h get ‘i , | 
ek? Seren Ree ye ate” eS al A et paca i Gt ae aa ? 
yes sss hae E33 agg a thn Pana’ Aten en Ne 
io + Mit tS Oy 3 g 
Soli f ba Da tg 
hi bak te eh deg ia 
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